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TAIL SERVICE MAST DESIGN REPORT
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ABSTRACT

B R e
This preliminary design handbook contains information covering the

overall design, function, and engineering of the Tail Service Mast. Infor-
mation pertaining to schedules, location, and testing of the prototype is
presented. A design analysis section is included deriving the feasibility

of the Tall Service Mast. Hee
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INTERNAL TECHNICAL REPORT

DESIGN, TESTING, AND OPERATION MANUAL

TAIL SERVICE MAST

COMPLEX 39 - GROUND SUPPORT EQUIPMENT

— NOTTICE —

"When U. S. Government drawings, specifications or other data are used for

any purpose other than a definitely related Government procurement operation,
the Government thereby incurs no responsibility nor any obligation whatsoever;
and the fact that the Government may have formulated, furnished, or in any way
supplied the said drawings, specifications, or other data is not to be re-
garded by implication or otherwise, as in any manner licensing the holder or
any other person or corporation, or conveying any rights or permission to manu-
facture, use, or sell any patented invention that may in any way be related
thereto."

LAUNCH SUPPORT EQUIPMENT ENGINEERING DIVISION
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SECTION I
INTRODUCTION ,

1-1 PURPOSE

The objective of this report is to preééngvthe latest deéign information
to those persons concerned with Launch Complex 39 pertainingito the Tail Service
Mast area. This report will provide pertinent information rélating to the test-
ing of the prototype Tail Service Mast, Complete design information has been
presented as a guide to facilitate maintenance and location of malfunctions.

1-2 SCOPE

This document describes the design, operation, function, and test proce-
dure of the Tail Service Mast. Final design will be dependent upon performance
of the prototype structure. A design analysis section is included which gives
operating parameters and a stress analysis of the structure in detail. A stress
analysis of the new fiberglass hood was not received in time to be included in
this preliminary report,

1-3 GENERAL

A Taill Service Mast prototype was built and delivered to the Test Division
at Huntsville, Alabama. The Prototype was complete with pneumatic, electrical and
hydraulic components installed. All service lines were terminated with fittings
for connection to the ground-half of the umbilical attachment.

Test Division will install the umbilical carrier assembly, connect the service
lines, and install the prototype mast for test purposes. Test procedures ére
outlined and location of transducers for test data 1s indicated.

Upon completion of all tests the test results will be c&rrelated with the

design of the Tail Service Mast and a final design handbook will be completed.

The Tail Service Masts are designated by numbers in relation to their location

between the hold-down arms of the booster,

1-1
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TM-23-0-D Section I

a. Mast number 1-2 is located between hold-down arms I and II and

is nearest hold-down arm number I.

b. Mast number 3-2 is located between hold-down arms II and III

and is nearest hold-down arm number III.

c. Mast number 3-4 is located between hold-down arms IIT and IV and

is nearest hold-down arm number III.

Locations of the Taill Service Masts relative to the Launch Umbilical

Tower and deck are shown in figure 1-2,
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12°3

Fig. 1-3 TSM in position with Saturn V vehicle
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1.5 TSM in retracted position
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Section I

COMPONENT WEIGHT
Mast Arm Structure 6670 lbs
Mast Base 5630 1lbs
Umbilical Carrier 500 1bs
Service Lines 2000 1bs
Hydraulic/pneumatic '

Installations 2000 1bs
Hood 2720 1bs
Hood Master Actuators '

and Covers 2200 1lbs
Counterweight 7000 1bs
Ablative Coating 300 1bs

TOTAL 27020 lbs

SYSTEM CAPACITY
Hydraulic Accum 1155 in3
GN2 Accum 1155 in3
Mast Hydraulic System
Cylinder Displacement |535/862 in3
Hood Hydraulic System 350 in3
Hood Actuator

Displacement 85 in3
Retraction Time 2.7 sec

Fig. 1-6 The Tail Service Mast outline
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TM-23-0-D

SECTION 1II
TAIL SERVICE MAST DESIGN
2-1 REQUIREMENTS

The basic Tail Service Mast is to be a semi-permanent structure that may
be used to retract the umbilical coupling from the booster stage of the Saturn V
vehicle for consecutive launchings. There are to be three Tail Service Masts
which are interchangeable with the exception of service lines. It is required
that the umbilical couplings remain with the vehicle until after firing and be
disconnected only after the vehicle begins movement.

The Tail Service Mast must remove the umbilical ground-half from the vehicle
to an area which will be clear of the vehicle flight path.

The Tail Service Mast must be capable of withstanding the severe environ-
ment produced by the F-1 engines of the Saturn V vehicle. With the Mast in the
upright and final position after retract it should afford protection to the
umbilical carrier and the service lines.

2-2 PRELIMINARY DESIGN

Preliminary design of the Tail Service Mast considered vertical, lateral, and
a combination of vertical and lateral movement to remove the umbilical attachment.

The short time element involved to retract the umbilical carrier to a
favorable position necessitated the use of a Tail Service Mast that rotated in
the vertical plane. This realizes the use of a counterweight which was un-
necessary for a laterally rotating mast. Engine fairings and hold-down arms
prevented the use of a mast with complete lateral movement. A combination
of vertical then lateral was relatively slow and presented unrealistic service
line routing.

The Tail Service Mast deemed most practical was a counterweighted structure

that was pneumatically-hydraulically operated. The counterweight was to serve

2-1



TM-23-0-D Section 11

both as a possible means of movement in case of hydraulic or pneumatic failure
and to reduce the force required for moving the mast. This provided for the
use of smaller hydraulic cylinders thereby aiding the fluid flow problems en-
countered with high volume flows.

In order to meet the extreme environmental conditions of operating

temperature, pressure, and vibration a steel structure with an ablative coating

is used.

The mast movement is triggered pneumatically by the first three (3)
inches vertical travel of the vehicle. It is then controlled electrically
for proper sequencing. A mechanical release of the umbilical ground-half is
provided in case of failure of the normal pneumatic sequence. The mechanical
release will operate at approximately fifteen (15) inches vertical travel of
the vehicle.

The mast utilizes the base to house the pneumatic accumulators and an
electrical control panel as well as substitute connections for testing pur-
poses.

The Tail Service Mast is provided with a lightweight hood to afford
protection for the umbilical carrier during liftoff of the Saturn V vehicle.
The hood 1is operated by a closed hydraulic system which is dependent upon ro-

tation of the mast.

Initial design of the protective hood system included materials such as
steel, aluminum, and titanium to withstand the heat and exhaust impingement

of the F-1 engines. These presented either excessive weight or difficult

. fabrication problems. A fiberglass structure reinforced with aluminum honey-

2-2

comb was found to meet the design requirements most prevalent.
Due to the restricted area that could be utilized fdr movement of a

protective hood a clam shell that operated in the vertical plane was found
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50% RETRACTED RETRACTED POSITION

Fig. 2-1 Tail Service Mast Operating sequence
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TM-23-0-D Section II

to be most practical. This type necessarily must be made to overcome
the effects of gravity, however, it was found that by optimum placing of
the gear system the effects of gravity could partially be overcome.

2-3 UMBILICAL CARRIER

The umbilical carrier will be supplied complete for attachment to

the Tail Service Mast.

The essential purpose of the carrier is to provide attachment of the
service lines to the Saturn V vehicle. The disconnect mechanism will.
be a part of the carrier and will provide pneumatic control for triggering
of the Tail Service Mast.

The first three (3) inches rise of the vehicle will operate the
pneumatic release mechanism. In case of pneumatic failure the umbilical
carrier will be released from the vehicle mechanically after approximately

fifteen (15) inches rise from the nominal position.

2-5
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UMBILICAL PLATE ¥

\‘@

GROUND HALF

WITHDRAWAL ARM
ASSEMBLY (TYP)

- UMBILICAL CARRIER

ASSEMBLY

Fig. 2-3 The umbilical carrier
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—

LOCKED POSITION

2-172"

NORMAL DISCONNECT

EMERGENCY DISCONNECT

Fig. 2-4 Umbilical carrier operating sequence
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DESCRIPTION

3-1 TAIL SERVICE MAST ARM

3-2 TAIL SERVICE MAST BASE

3-3 TAIL SERVICE MAST HOOD

3-4 PROTECTIVE HOOD HYDRAULIC SYSTEM

3-5 TAIL SERVICE MAST PNEUMATIC~-
HYDRAULIC SYSTEM

3-6 ELECTRICAL SYSTEM
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SECTION III
DESCRIPTION
3-1 TAIL SERVICE MAST ARM
The arm structure is the main component in the Tail Service Mast. It

serves as a carrier for and affords protection to the service lines.

The arm structure is fabricated of angle irons and Tee type stiffeners of
structural steel meeting the specifications for QQ-5-741, grade "B". The allow-
able stress used in design calculations is equal to the yleld strength divided
by a safety factor of three (3). High strength steels were not considered since
the calculated stresses were well below allowable. The aft section of the arm
houses the counterweight section and is of heavier construction than the forward
structure., This is due to the lead counterweight and the fact that the mast
driving cylinders are attached to this section.

Each mast amm structure is provided with an adjustable counterweight to com-
pensate for the difference in the service lines carried.

The arm frame is covered with a 3/16 inch skin plate which will be covered
with an ablative coating during firing. The ablative coating will maintain the
temperature of the inside of the mast to near initial ambient conditions.

3-2 TAIL SERVICE MAST BASE

The basic function of the Tail Service Mast base is to provide a pivot for
the mast arm and to house equipment that is essential for testing and operation.

The base is constructed of structural steel angle irons and tee sections.
The base is a massive structure capable of withstanding the weight of the mast
arm and the impact forces encountered during retraction.

The skin plate of 3/8 inch steel covering three sides of the base should
be sufficient to retard the jet-wash presented by the passing F-1 engines during

lift-off. The fourth side of the base will be covered by the tail section of
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Fig. 3-12 Detail of hood ball lock installation
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b

the mast arm which is designed for a close fit. Mechanical locks are pro-
vided in the base for holding the mast arm in the retracted position.

The base 1s provided with an access door on one side and an instrument
panel on the other side for use in testing and checkout.

3-3 TAIL SERVICE MAST HOOD

The main purpose of the hoodris to provide protection to the umbilicael
attachment from engine blast after vehicle lift-off.

For strength and rigidity the hood 1s fabricated from aluminum honeycomb
sandwiched between layers of fiberglass,

Each half of the clamshell structure is driven in relation to the other
half. The parts being synchronized through a simple gear system. One half cannot
rotate without causing its counterpart to rotate. This is intended to equalize.
the relative accelerations of the two halves, thereby requiring less tordue
for actuation.

3-4 HOOD HYDRAULIC SYSTEM

The hood motor section is a completely closed hydraulic system. The system'
consists of four (4) piston operated rotary actuators. The driving or master
actuators are located at the pivot of the mast arm structure and derive their
power from the rotation of the mast. The driven or slave actuators are located
inside the mast at the hood pivot point. The four units are interconnected with
hydraulic¢ lines.

The hood will have a delayed action which may be set by a four way cam
valve. This delayed action is to prevent interference of the hood with the
flight path of the vehicle, The four way cam valve cycles fluid into the return
side only of the master actuators for approximately the first twenty-six degrees

(26°) rotation of the mast. The fluid is then cycled through the slave actuators
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Fig. 3-19 Hood hydraulic system schematic
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Cauéing rotation of the hood. A relief valve is positioned between the supply
éﬂavréturn lines of tﬁéqélave units to prevent excessive pressure build-up.

A variable orifice isrinciuded in the circuit downstream of the slave actuators
to provide control of the angular velocity of the hood.

3-5 TAIL SERVICE MAST HYDRAULIC SYSTEM

The motor section for operation of the Tail Service Mast is pneumatically-
h?&;gglically operated.

The use of hydraulic operated cylinders instead of rotary actuators was
required due to the power requirements. Placement of the cylinders, however,
had to be a compromise between mechanical advantage and position for optimum
control,

Two 3 1/4 inch bore cylinders with a 2 inch shaft are utilized. The

cylinders are connected to the hydraulic circuit in parallel for scyncroni-

zation. The one (1) inch output line of each cylinder is connected to a common

one and a half (1 1/2) inch line containing the cam control valve. Hydraulic
supply for the Tail Service Mast is independent of that for the Launch Um-
bilical Tower (LUT). The system supply consist of two 1155 cubic inch accu-
mulators. One gccumulator is used fpr GNo as a pressure supply. The other
accumulator is a reservoir for hydraulic fluid. Once the GNj; accumulator is
pressurized it may be sealed off, thereby, becoming independent of the LUT -
or test cart. Both accumulators were calculated to supply 25% in excess of
requirements.

The control valve to initiate operation of the Tail Service Mast is lo-
cated in the downstream position. The control valve is connected to the um-
bilical attachment by way of a bleed coupling. Separation of the umbilical

ground-half from the fly-half will allow loss of pressure in the valve actuator
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pening the valve, To assure operation of the control valve an electrically

operated control valve is placed in parallel with the pneumatically operated
valve, Electrical control is provided by separation of the umbilical attach-
ment.
3.6 ELEGTRICAL SYSTEM CTTRTEIET
The Tail Service Mast pneumatic triggering system is paralleled with an
electrical system as a fail-safe feature. A limit switch is located between
the fly-half and ground-half of the umbilical attachment. The limit switch
is connected to a control valve by-pass which will insure an alternate path
for hydraulic fluid in the event of main control valve failure.

control for electrical sequence is established. The operation of each Fail

Service Mast is monitored by way of an electricalidistributor located in the - -

mast base, All electrical signals from hydraulic and pneumatic components are

relayed through the distributor to either test set 7601 or to the Launch Control

T the test set outs;de cables are connected to the distributor

through the access door in the mast base- During operation from the Launch

Umbilical Tower connections to Launch Control Center is made via the interface

plate in the base,

The test set is a portable unit complete,with cables used to _control and

monitor operation of the Fail Service Mast during test. The test set 1is connected

to the distributor located in the base of the mast and to a 28 vdc power supply

with cables supplied with the test set. After pneumatic and hydraulic connections

have been made to the mast the test set is used to prepare, check, and operate

the Fail Service ‘Mast from a remote posrtlon.”’
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Fig. 3-31 Advanced Schematic (Test Set 7601)
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Fig. 3-33 Advanced Schematic (Test Set 7601)
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Fig. 3-34 Advanced Schematic (Test Set 7601)
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87) WASMER, W3122030

82) SPACEN, WAJAINTS-32
pRLL & AP *0-24uNC-
20,0.500€E2

41 TSM base

W) (mtr)
8) (MF)
7)) (Aer)
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(s1) schew, Ms3s2es- 87
(s7) wasnen, usizz030
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28,0.500EEP

electrical installation
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TM-23-0-D
SECTION IV
TAIL SERVICE MAST INSTALIATIONS
4-1 TAIL SERVICE MAST ACTUATING SYSTEM INSTALLATION

The Tail Service Mast actuation system 1is basically pneumatically—
hydraulically operated. Such a system requires a low contamination level
throughout installation. Filters have been provided as a precaution, but
are not intended as a substitute for cleanliness. Extreme care should be
used in preparing and installing components. Care should be taken with all
fittings and flared tubing to insure that they are free from burrs and
contamination.

The fittings used in this installation are of the "MC" NASA standard
type. These fittings are machined within the range of 18 to 32 micron
finishfhn_the'sealiﬁg surfaces. .Extreme care:should be used riot to'danage
these surfaces.

~The actuation system is of the two cylinder dependent type. For
maximum efficiency the hydraulic lines have been routed to give as close
as possible the same pressure at both pistons. The hydraulic system
installation has been designed with regard to the service line installation
for best utilization of space. Placement of the stainless steel tubing and
valves in the actuation system is sometimes critical and reference to the
proper drawing number should be made.
NOTE

Prior to installing any component,

visually inspect for cuts, abrasions,

dents, burrs, loose connections, cracks,

and any other defects.

The following references give installation details for the actuating system:

4-1
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Fig. 4-4
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Installation of accumulator, hydraulic return valve #2,
control by-pass valve, and gravity drain shut-off valve




TM-23-0-D Section 1V

a. Refer to Drawing No. 75M05857 for installation specificatioms.

b. Install and adjust cam valve and cam in accordance with Drawing No.
J75M11798.

c. Test for leakage and clean in accordance with Ordnance Drawing No.
10425040,

4-2 HOOD INSTALLATIONS

The: hood actuating system is completely hydfaulicslly operated and is -
self-contained. The‘elestrical system is not involﬁed in the hood operation
excsps for indicatos lights. The pneumatic system for the hood is limited to
operation of the ball locks and charging of the system. The hood hydraulic
system tubing, valves, gauges, and slave units are installed entirely within
the mast arm structure. The master units are installed onto extensions of
the top plate of the base and are protected by removable covers.

A. MASTER ACTUATORS (DWG. NO. 75M11997). The hood master actustors are
of t@s rack and pinion type. This type rotary actuator is designed to eithe:
drive a shaft when pressure is provided or to provide pressure when the shaft
is drives.

th? master actuators are installed upon supports that extend from the
sidss of tﬁe Tail Service Msst base. The shafts of the actuators are
st:ached directly to a torque transfer lever which is driven by the rotation
of the mast arm.

The actuators are capable of 80° rotation. Since the mast will rotate
only 70° the actuator shafts are positioned with a 5° margin on both ends of
the stroke. This will allow for tolerance bu11d -up and will provide cushion

on both extremes of travel.

4-6
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T™M-23-0-D Section IV

TORQUE TRANSFER LEVER

MASTER ACTUATOR

>
7@

- MASTER UNIT SUPPORT

Fig. 4-5 1Installation of master actuators on supports
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™™-23-0-D Section IV

HOOD ACTUATORS

BLEED VALVE

SUPPLY LINE
RETURN LINE

ACTUATOR SUPPORT

Fig. 4-6 Hood showing installation of slave actuators and supports
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Slave actuators installed in mast arm
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TM-23-0-D Section IV

B. SLAVE ACTUATORS. The hood slave actuators are identical to the
master actuators in operating principle. Pressure 1s provided from the
master actuators to drive a shaft which is attached to either side of the
hood. The slave actuators are installed in the forward section of the
mast arm. Supports are provided during construction of the arm. Each
actuator is installed with a gear driven free shaft which is attached
directly to the opﬁosite half of the hood. The slave actuators are capable
of 90° rotation and are oriented such that they will bottom out when the
hood is open. The 85° rotation of the hood for closure will leave a 5°
margin for safety and cushioning.

C. HOOD HALVES. The hood halves are installed over the drive shaft
of the slave actuators and over the free shafts by removing the hood
detachment plugs. The hood detachment plugs are fastened to a steel
insert located at the attachment points of each hood half. The hood is
oriented on the slave actuators so that 85° rotation will completgly close
the hood.

4-3 SERVICE LINES INSTALLATION

The primary objective of the Tail Service Mast is to contain the
services lines and to afford protection for them during lift-off of the
Saturn V vehicle. The main difference in the three masts is the type
service lines carried. This section outlines the three Tail Service Masts
and the service lines carried in each.

A. Tail Service Mast 1-2 service lines.

1., 6" Fuel fill and drain
2. 3/4" Helium bottle fill
3., 3/4" Fuel tank pre-pressure

4. 2" Hydraulic supply
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T™-~-23-0-D Section TV

5. 2" Hydraulic return
6. 1" Thrust chamber pre-fill
7. 1/4" Pressure switch fuel tank
8. 1/4" Pressure switch, He, HP & LP switch (Automatic Checkout)
9. 1/4" Dummy plug (spare)
10. 1/4" Mast pneumatic retraction
11. 1/4" Omit
12, 1/4" N/A reserved for micro switch
13. 40SS Main power from GSE
14, 40SS Range safety system
15. 40SS Power regulation on/off command
16. 40SS Lox vent, He system & sequence & control system
17. 40SS Lox fill & drain GNy, system and rough combustign
18, 40SS Engines 1 & 4 ignition and monitor
19, 40SS Prevalves, engine cut-off and thrust o.k.
20. 40SS Electrical Spare
21. 40SS Electrical
22. 1 1/2" Hydraulic return
23. 1/2" Hydraulic pressure 2200 psi
24, 1/4" 50 psi GN, purge
25, 3/8" 3000 psi GN, hydraulic pressure
26. 40SS Electrical
27. 1/4" Lock mechanism disconnect (umbilical)
28, 1/4" Mast hood lock mechanism
29. Lock mechanism accumulator supply

30. 3/8" 6" Fuel line purge



TM-23-0-D Section IV

B. Tail Service Mast 3-2 service lines.

1.

2.

3.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

24.

4-14

(Res for 6" Lox drain)

7" Environmental purge control

7" Environmental purge control

1/4"

Sensor coupling for service mast pneu retract

1" Gas generator fuel injector purge

3/4n
1/4
3/8u
1/4v
1/4
1/4
3/8"
1/4n

3/8“

Lox bubbling (cond engine pre-ignition)

Lox bubbling emergency after shut down

Fuel bubbling

Valve control pressure (lLox fill & drain)

Valve control pressure (Lox fill & drain)

Sensor engine cutoff, lox pressure (automatic checkout)
Dummy plug (spare) reserved for engine pre-valve coupling
N/A reserved for micro switch to indicate plate separation

Dummy plug (spare) reserved for engine pre-valve coupling

1" Environmental purge to battery container

1/2:1

2,200 psi hydraulic

#40 Electrical

#40 Electrical

3/811
1/4n
1/4n

1/4m

3,000 psi GNp hydraulic pressure
Lock mechanism disconnect (umbilical)
Mast hood lock mechanism

50 psi GNy pﬁrge

1 1/2" Hydraulic return

1/4M

Lock mechanism accumulator supply
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T™M-23-0-D Section IV

C. Tail Service Mast 3-4 service lines.
1. 6" Lox fill & drain
2. 3/4" Lox tank pre-pressure
3. 1/2" Control pressure bottle fill
4. 1/4" Pressure switch regulator control pressure (LP)
5. 1/4" Automatic checkout, HP switch control & purge supply
6. 1 3/4" Lox dome & GG Lox purge
7. 3/8" Purge supply (LP) automatic checkout
8. 1/4" Valve control pressure (fuel fill & drain)
9. 1/4" Dummy plug (spare)
10, 1/4" Valve control pressure (Lox drain)
11, 1/4" Reserved for mast pneumatic retraction
12, 1/4" N/A reserved for micro switch
13. #40 Engine IGN #2 & #3 and monitor
14, #40 Heater system
15. #40 Telemeter monitor and DDAS (coax)
l6. #40 Engine #5, ignition and monitors
17. #40 Measuring rack, selectors and measurements
18, #40 Instrumentation control 4001cps and monitor
19, #40 Electrical (Spare)
20. #40 Electrical (Spare)
2l. #40 Electrical
22. 3/8m" 3,000 psi GN, hydraulic pressure
23. 1 1/2" Hydraulic return
24, 1/2v 2,200 psi hydraulic
25. #40 Electrical
26. 1/4" Lock mechanism disconnect (umbilical)
27. 1/4" Mast hood lock mechanism

28. 1/4m 50 psi GN, purge

4-15
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1 [ {1

UMBILICAL PLATE *3 (GROUND HALF)

L

e |

i IW @38

SERVICE LINES
BRACKETS

i |

INTERFACE PLATE

|

i

Fig. 4-10 Service lines installation
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Section IV

T™M-23-0-D

—UMBILICAL PLATE *2 (GROUND HALF)

+¥ReLe

OR
INTERFACE PLATE

E
Fig. 4-11 Service lines installation
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UMBILICAL PLATE * | (GROUND HALF)

BRACKETS

SERVICE LINES

INTERFACE PLATE

Fig. &-12 Service 1ines installation
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4-4 TAIL SERVICE MAST HANDLING AND TRANSPORTATION

This section outlines the handling procedure for the Tail Service Mast.
Lifting lugs have been provided as a part of the mast structure and the mast
should be handled utilizing these lugs. Lifting beams as well as wire rope
have been called out as a part of tﬁe handling eqﬁipment. All handling
materials have been checked stress-wise and are sufficlent to handle loads
in excess of requirements.

The lifting lugs provided on the base are an integral part of the base
while those provided on the arm structure are of a removable type. The mast
may be handled by these lifting lugs or it may be placed upon the handling
frame for convenience. The handling frame is designed to fit upon a low-bed
truck for transportation of the Tail Service Mast.

The Tail Service Mast may be transported complete with pneumatic,
electrical and hydraulic installations and all service lines which are
terminated with fittings for connection to the interface plate. The inter-
face plate must be shipped as a separate unit.

The steps outlined in this section should be followed for handling and

transporting of the Tail Service Mast.
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WIRE ROPE ASSY
C75MI0361 TYP

HANDLING FRAME
J75M06672

TM-23-0-D

LIFTING BEAM
J75M06682

Section IV

WIRE ROPE SLING
C75MI0366 TYP

"I LIFT HANDLING FRAME 8 MOVE TO DESIRED LOCATION

Fig. 4-21

4-28

Handling sequence
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T™-23-0-D Section IV

LIFTING BEAM
J75M06682 :
,———WIRE ROPE SLING

C75MI0366 TYP
WIRE ROPE ASSY |
C75MI10361 TYP

KEY HOLE PLATE
/" D75M1040]

HANDLING FRAME
J75M06672

2. LIFT MAST BY REVERSING STEPS 6 & 7, THEN
LOWER MAST TO REST ON HANDLING FRAME

Fig. 4-22 Handling sequence
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TM-23-0-D ’ Section IV.

d WIRE ROPE SLING

/ C75MI0366 TYP
WIRE ROPE ASSY LIFTING BEAM
CT5MIO36I TYP JTEMO6682

HANDLING FRAME
J75M06672

3.LIFT MAST 8 HANDLING FRAME AS A UNIT & PLACE ON LOW BED

Fig."r 4-23 Hahdling sequence
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T™M-23-0-D Section IV'

HANDLING FRAME
J75M06672

LOWBED

4. FASTEN HANDLING FRAME TO LOW BED & TRANSPORT TO LOCATION

Fig. 4-24 Handling sequence
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TM-23-0-D Section IV
R
WIRE ROPE BRIDLE
SLING ASSY
C75MI0360
WIRE ROPE SLING
<~ C75MI0360 |
(@ N
LIFTING BEAM ? '
J75M06682 A7
4
</
(<7

<2

:

,~WIRE ROPE ASSY
C75MIO36] TYP

/-KEY HOLE PLATE
D75MI040I

HANDLING FRAME
J75M06672

LOWBED

5. DISCONNECT MAST 8 LIFT FROM HANDLING FRAME TO L-UT

Fig. 4-25 Handling sequence
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TM-23-0-D Section IV:

J )
—
L»—WIRE ROPE SLING
C75Mi0366
N
WIRE ROPE BRIDLE | Sy
SLING ASSY ¥ -
C75MI0360 .
WIRE ROPE ASSY-"| .
C75MI036l ’
LIFTING BEAM
J75M06682

KEY HOLE PLATE
D75MI1040l

6.ROTATE FROM HORIZONTAL TO VERTICAL POSITION

Fig. 4-26 Handling sequence
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@

u

il

WIRE ROPE SLING
C75MI0366

LIFTING BEAM
J75M06682

|

WIRE ROPE BRIDLE
SLING ASSY
C75MI0360

e

&l

WIRE ROPE ASSY
C75MI036I

1t

WL

KEY HOLE PLATE

[p—

L4

R

i

&

7. LOWER MAST ONTO L-UT DECK

L+

Fig. 4-27 Handling sequence
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™-23-0-D Section IV

LIFTING BEAM
J75M06686

TWO LEG
WIRE ROPE SLING
D75MI2050

KEY HOLE PLATE
D75MI040I

TURNBUCKLE TYP

8. LIFT MAST, ROTATE & POSITION ON L-UT DECK

Fig. 4-28 Handling sequence
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SECTION X
TAIL SERVICE MAST
PREPARATION

5-1 TAIL SERVICE MAST HYD SYSTEM
5-2 PROTECTIVE HOOD HYD SYSTEM
5-3 ELECTRICAL SYSTEM

5

1A

by

I

T |



I

<o

==
-_—
=

al

i
-

|

Wm. i %m i mmm " I\m‘m ﬂm Mmm | Wm I INH il l‘\l Il lh \ IM

L. .



TM-23-0-D

SECTION V
TAIL SERVICE MAST PREPARATION

5-1 MAST HYDRAULIC SYSTEM

A,

B.

TEST SET CONNECTION

1.

2.

Remove cable assembly D75M09062-35, replace with cable assembly
D75M09109-4 from test set 7601,

Remove cable assembly D75M09062-36, replace with cable assembly
D75M09109-5 from test set 7601,

TEST SET CHECKOUT (Reference Figure 5-1)

1.

2.

3.

4.

3.

POWER AVAILABLE light should be ON.

All switches on the test set in the OFF (down) position.
POWER switch in ON (up) position. Indicator light on.

Place GND IND switch in ON (up) position. POS GND & NEG GND
lights should have equal brightness. Return GND IND switch
to OFF (down) position.

Place LAMP TEST switch to ON (up) position. All lamps should
illuminate. Return switch to OFF (down) position.,

FILLING AND BLEEDING (REF. SCHEMATIC 75M12375)

NOTE: Base hydraulic system will be bled with mast in retracted

1.

2.

(vertical) position.
Connect the four 1/4 inch flex hoses to the bleed valves at the
top and bottom of each hydraulic cylinder, and connect the four
bleed valves to the flex hoses.

CLOSE the bleed valve on each flex hose and open the bleed
valve at each cylinder port.

Turn on the 2000 PSI pneumatic supply.

OPEN flow restrictor valves #1 (AL), #2 (AM), #3 (AN), and
#4 (AP) to full open position.

Place test set power on in ON position. (Test Set)
CLOSE umbilical release simulator valve (AC). (Test Set)

OPEN pressure supply valve #2 (K). (Test Set)
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“action V

JAY

o — —

} l@ﬁj— w4 T0 30 PSI &N SUPPLY

e e—— A s\ AL '

£~ THIS PART OF CIRCUIT TYP

- PNEUMATIC
~— ELECTRICAL

FOR 7M06803 ¢ TSMO6604 ONLY

LEGEND !

|m

T

-

]

folegm

(OX SHUTQFF YALVE " "
FUEL SHUTOFF VALYVE ~ ]

HYORA(H K, SULPLY VAL

HYDRAGLIC " BYPASS™ VAU

HYDRAULIC ~_CHETK VALV
“ACCUMULATO

el

INDICATOR_SWITCH
CHECK VALVE |

PRESSURE__VALVE #2
PHEUMATIC "BLEED VALVE

[PRESSURE REGULATOR 71
PRESSURE _REGULATOR#2™ _ L
TRANSDUCER

HYDAAULIC ORIFICE___ ]
PRESSURE__REGULATOR? 3

EE RIE B = Bl B <<€ < = <] ol

15 |PRESSURE. TEDUCER

CAM CONTROL VALVE

|HYDRAULIC RETURN VALVE °I
HYDRAULIC RETURN VALVE®2
GRAYITY DRAIN SHUT-OFF VA(VE |
4-WaAY CONTROL VALVE
CYLIN _SUPPLY VALY o
MATIC _ACCUMULATOR

R

FLOW RESTRICTOR VALVE 7
FLOW RESTRICTOR VALVE <
ICTOR VALYE v 4
vE, FYDRAULIC |

BNEUMATIC TIL
HYDRAULIC "Bt

PRESSURE  GAUGE

ACCUMULATOR

FLOW CON WiTH ITEGRAL _CHECK
\{ .

QUICK_ DISCONNECT COUPLING ~

WMAST AND HOOD LOCKS.

|SHUTOFF YALVE , PNEUMATIC

[[PaRT wuMBER: T5M09260 | L

Fig. 5-2. Tail Service Mast Nameplate Schematic

(6]
t
[O%]




10.
11.
12.
13.

145

15.
16.
17.
18.
19.
20,
21.
22.

23.

5-4
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Adjust mast pressure regulator #2 to 750 PSI.

a. Pressure supply valve #2 (K) will open. . (Test Set)
b. Hydraulic return valve #1 (0) will close. (Test Set)
c. Pressure supply valve #1 (J) will open. (Test Set)
Adjust mast pressure regulator #l to 2000 PSI.

a. Pneumatic accumulatpr PST OK light will illuminate.

(Test Set)

b. Pressure supply valves #l (J) and #2 (K) will close. (Test Set)

c. Gravity drain valve (W) will open. (Test Set)

Return pressure supply valve #2 switch to DOWN position. (Test Set)

Start hydraulic pump and adjust output pressure to 200 PSI,

OPEN hydraulic supply valve (C). (Test Set)

CLOSE flow restrictor valve #3 (AN) in mast base.
OPEN bleed valves on top of cylinders.

a. Leave bleed valves open until air is depleted.
CLOSE bleed valves on top of cylinders.

OPEN flow restrictor valve #3 (AN) in mast base.
OPEN bleed valves at bottom of cylinders.

After one minute, open hydraulic bypass valve (D). (Test

Set)

After five minutes, close hydraulic bypass valve (D). (Test Set)

CLOSE flow restrictor valve #3 (AN) in mast base.
éLOSE manual hydraulic return hand valve.

OPEN lock release valve (AC. (Test Set)

Place mast extend switch in UP position. (Test Set)

a. Four-way control valve (X) will open. (Test Set)

b. Cylinder supply valve (Y) will close. (Test Set)
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24.

25.

26.

27.
28.

29.

30.
31.

32.

33.

34.

35.
36.
37.
38.
39.
40.

41.

TM-23-0-D Section V
When air is bled from bottom of cylinders, CLOSE bleed valves
at bottom of cylinders.
OPEN flow restirctor valve #3 (AN) in mast base.

After five minutes, place mast extend switch in DOWN position.
(Test Set)

a. Four-way control valve (X) will return to fire position
(CLOSED). (Test Set)

b. Cylinder supply valve (Y) will open. (Test Set)
CLOSE flow restrictor valve #2 (AM) in mast base.

OPEN manual hydraulic return hand valve.

OPEN umbilical release simulator valve (AC). (Test Set)
a, Hydraulic return valve #l (U) will open. (Test Set)
After five minutes, CLOSE flow restrictor valve #4 (AP).
Increase hydraulic pump output pressure to 750 PSI.

After five minutes, CLOSE umbilical release simulator valve
(AC). (Test Set)

OPEN flow restrictor valve #2 (AM),

Place lift-off simulator switch in the UP (extend) position.
(Test Set)

a. Hydraulic return valves #1 (U) and 3 (V) will open.
(Test Set)

Continue running hydraulic pump for two minutes.

CLOSE manual hydraulic return hand valve.

CLOSE hydraulic supply valve (C). (Test Set)

STOP hydraulic pump.

CLOSE all hydraulic bleed valves.

Return all test set switches to the DOWN position. (Test Set)

CLOSE 2000 PSI pneumatic supply pressure to mast.
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TM-23-0-D Section V
42. OPEN pneumatic bleed valve (L) and leave open until all air
is depleted from base pneumatic system. (Test Set)
43. CLOSE pneumatic bleed valve (L). (Test Set
44. Return test set power switch to OFF position. (Test Set).
Base hydraulic system is bled. |

45. Mast may now be charged for extension, refer to Section 7-2.

5-2 HOOD HYDRAULIC SYSTEM

A,

TEST SET CONNECTION

1. Connect test set 7601 in accordance with section 5-1A & B.

B. FILLING AND BLEEDING (REF. SCHEMATIC 75M12376)

5-6

NOTE: Hood system may be bled with mast in extended (HORIZONTAL)
position. Refer to section 7-3 for mast extension.

1. After mast is in extended postion, connect safety cable
assemblies between forward base lugs and arm lifting lugs.

2. After cable assemblies are in place, OPEN pneumatic bleed
valve (L) (Test Set).

3. The 50 PSI pneumatic supply line (Ser.rLine #28) is to be
connected to valve (BG).

4., OPEN valve (BG). This will charge the 58 cu. in. accumulator
located in the arm assembly as shown on gauge (AV).

5. CLOSE valve (BG).

6. OPEN the hydraulic hand valve (Hood Shutoff Valve, AR) located
in the mast base (Ref. 75M17373).

7. Start hydraulic pump (pump is to be set at 200 PSI, 5 GPM
output). This allows oil to flow through a pressure reducer
and enter the hood system at 100 PSI.

8. OPEN each bleed valve (AU) located in the ports of each
actuator. Keep open until fluid is free of air.

9, CLOSE bleed valves, bleed procedure should be repeated if
sponginess is noted during mast operation.
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TM-23-0-D Section V

10. CLOSE hydraulic hand valve (AR) in mast base. System 1s now
charged and gauge in arm assembly should read 100 PSI.

11. Make final adjustments of flow control valve (AX) only after
system has been operated in conjunction with the main hydraulic
system for the mast,

12, The mast is now ready to charge for retraction, refer to
section 7-4 for charging prior to retraction. or control
system may be de-energized and test panel secured refer to
section 7-6 for securing procedure.

5-3 ELECTRICAL SYSTEM

The electrical system is inherent to the Tail Service Mast and the only

preparation other than connections is the connection of the test set.

Test Set 7601 is a separately contained unit and the only preparation

necessary is proper connection.

This section outlines the several steps necessary to ready the test

set for operation.

1.

2.

3.

4,

Insure that cables from hydraulic and pneumatic components are
connected to the distributor.

Remove cable assembly D75M09062-35 (J1) from distributor and replace
with cable assembly D75M09109-4 (7601Wl) from test set.

Remove cable assembly D75M09062-36 (J2) from distributor and replace
with cable assembly D75M09109-5 (7601W2) from test set.

Connect Test Set 7601 to 28VDC power supply with cable assembly
(7601W3).

5-7
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Fig 5-3 Tail Service Mast arm showing location of hood hydraulic =
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SECTION MI
"TAIL SERVICE MAST
CHECKOUT

6-1 ELECTRICAL

6-2 TAIL SERVICE MAST HYD SYSTEM

6-3 PROTECTIVE HOOD
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TM-23-0-D

SECTION VI
TAIL SERVICE MAST CHECKOUT

6-1 ELECTRICAL CHECKOUT

Electrical checkout of the Tail Service Mast consist mainly of checking
the test set in operation.

Once the test set 1s connected to the mast several features of the mast
may be checked electrically from the test set.

1. After the test set is connected to the power supply turn on the test
set and adjust the power supply to 28V,

2. Place the GRD IND switch in the ON position., The POS GND and NEG GND
lamps should have equal brilliance.

3, Test all lamps by placing LAMP TEST switch in ON position. Return
switch to OFF position. All lamps except those indicating normal position
of valves will go out.
Test set 1s ready for operation and my be used to operate the Tail Service
Mast or check any individual component for proper position by a system of
ON-OFF lights.
6-2 TAIL SERVICE MAST HYDRAULIC SYSTEM
In the event there has been a considerable time delay between the preparation
of the Tail Service Mast and the actual operation of the mast there is provided
a means for draining and recharging the hydraulic accumuiator to insure readiness.
A bypass valve is located between the hydraulic supply and return lines to
facilitate draining. The accumulator is then re-charged using normal procedure,
6-3 PROTECTIVE HOOD
Once the hood hydraulic system is prepared for operation, no further action

1s necessary. The pressure gauge located near the handvalve in the arm should

read approximately 100 psi.
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T™-23-0-D Section VI

After a considerable time delay the hood hydraulic system should be

checked for leaks and only other obvious discrepancies,
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SECTION VI
TAIL SERVICE MAST
OPERATION

7-1 TEST PREPARATION
7-2 MAST CHARGING PRIOR TO

EXTENSION
7-3 MAST ARM EXTENSION
7-4 MAST CHARGING PRIOR TO

RETRACTION
7-5 MAST ARM RETRACTION

7-6 TEST SET SECURING AND
CONTROL SYSTEM DE-ENERGIZING

7-7 RELATED VEHICLE OPERATION
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TM-23-0-D

SECTION VII

TAIL SERVICE MAST

7-1 TEST PREPARATION

A.

REQUIREMENTS

1. 28 VDC power supply

2. 2000 PSI min GN2 supply

3. 2000 PSI min hydraulic supply
4., MIL-H-5606 oil

5.

Test Set 7601

7-2 MAST CHARGING PRIOR TO EXTENSION

A’

BI

OPERATION

PREPARATION (numbers and letters refer to name plate schematic)

1.

Connect test set 7601 in accordance with section 5-1A & B.

CHARGING THE HYDRAULIC SYSTEM

5.

Close the manual hydraulic return valve.

Open hydraulic supply valve (C).

(Test Set)

Start pump and set at 2000 PSI output.

ae

Close hydraulic supply valve (C) as soon as level OK light comes on.

Hydraulic accumulator level OK light will illuminate.

(Test Set)

Stop pump as soon as level OK light comes on.

CHARGING THE PNEUMATIC SYSTEM

1.

2'

Open the 200 PST GN, supply.

Close the umbilical release simulate valve (AC). (Test Set)

e

The closed light should illuminate. (Test Set)

Open pressure supply valve No. 2 (K).

Adjust regulator #1 to 2000 PSI

Adjust regulator #2 to 750 PSI

-

Open light will illuminate.

(Test Set)

(Test Set)
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TM~23-0-D SECTION VII
b. Hydraulic return valve No. 1 (U) will close. (Test Set)
cs Pressure supply valve No. 1 (J) will open. (Test Set)
d. Gravity drain shutoff valve (W) will open. (Test Set)
(1) Mast may tend to rotate.
e. Pneumatic accumulator PSI OK light will illuﬁinate. (Test Set)

(1) Pressure supply valve Nos. 1 (J) and 2 (K) will close.
(Test Set)

6. Return pressure supply valve No. 2 (K) switch to the DOWN position.
(Test Set) v '

7. Place lock release switch (AJ) in the UP position. (Test Set)

a. The unlocked light on ball-locks Nos, 1, 2, 3, and 4, should
illéminate. (Test Set)

D. MAST EXTENSION

1. The mast is now ready to extend. Refer to section 7-3, or in the
event the hood control system has not been bled, refer to section 5-2.

MAST ARM EXTENSION

A.

PREPARATION
1. Connect test set 7601 in accordance with section 5-1A & B,
2. Charge system in accordance with section 7-2,
MAST EXTENSION
1. CLOSE manual hydraulic return valve.
2. Place mast extend switch in UP position. (Test Set)
a. Four-way control valve (X) opens. (Test Set)
b. Cylinder supply valve (Y) closes. (Test Set)
3. Slowly OPEN manual hydraulic return valve.
a. MAST WILL EXTEND
4, Place mast extend switch in DOWN position after mast has extended.
a. Four-way control valve (X) returns to fire position. (Test Set)

b. Cylinder supply valve (Y) opens. (Test Set)
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TM-23-0-D

Close lock release valve (AJ). (Test Set)

8,

b.

Control system may be de-energized and test panel secured for

Section VII

Lock release closed light will illuminate. (Test Set)

Lock release open light will go off.

(Test Set)

section 7-6, TEST SET SECURING AND CONTROL SYSTEM DE-ENERGIZING, or
if retraction is required, proceed to section 7-4.

7-4 MAST CHARGING PRIOR TO RETRACTION

A,

B.

CHARGING THE HYDRAULIC SYSTEM

1.

2.
3.

4.

5.
on.

Turn on 28 VDC power supply and place test set power switch in
ON position.

Close manual hydraulic return valve.

Open hydraulic supply valve (C).

Start pump and set at 2000 PSI output.

8.

Hydraulic accumulator LEVEL OK light will illuminate.

(Test Set)

(Test Set)

Close hydraulic supply valve (C) as soon as LEVEL OK light comes
(Test Set)

6. Stop pump as soon as LEVEL OK light comes on.

CHARGING THE PNEUMATIC SYSTEM

1.

2.

3.

3.

OPEN 2000 PSI GN; supply.

CLOSE umbilical release simulate valve (AC). (Test Set)

a.

Closed light should illuminate. (Test

OPEN pressure supply valve No. 2 (K).

Adjust regulator #l to 2000 PSI

Adjust regulator #2 to 750 PSI

a.
b.
Ce
d.

€

Open light will illuminate. (Test Set

Set)

)

Hydraulic return valve No. 1 (U) will close. (Test Set)

Pressure supply valve No. 1 (J) will open. (Test Set)

Gravity drain shutoff valve (W) will open. (Test Set)

Cylinder supply valve (Y) will open.

(1) Mast arm may tend to rotate.

(Test Set)
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T™™-23-0-D Section VII

f. Pneumatic accumulator PSI OK light will illuminate (Test Set)

(1) Pressure supply valve Nos. 1 (J) and 2 (K) will close.
(Test Set)

6. Return pressure supply valve No. 2 (K) switch to the DOWN pdéition
(Test Set) , .

7. Return the lock release valve (AJ) to the down position. (Test Set)

8. Remove the cable restraints from the front of the mast.

MAST RETRACTION

l. The mast is now ready to retract refer to section 7-5,

MAST ARM RETRACTION

A,

B.

PREPARATION
l. Connect test set 7601 in accordance with section 5-1A4 & B.
2. Charge system in accordance with section 7-4.
RETRACTION
1. Close manual hydraulic return valve.
2. Place lift-off simulator switch in UP position. (Test Set)
a. Umbilical release simulator valve (AC) opens. (Test Set)
b. Hydraulic return valves #1 (U) and #2 (V) opens. (Test Set)
3. Slowly OPEN manual hydraulic return valve
a. MAST WILL RETRACT

b. Lock indicator lights #l1 through #4 will illuminate indicating
locked position and unlock lights will go off. (Test Set)

c. Mast retracted and hood closed lights will illuminate. (Test Set)

4, Return lift-off simulator switch to DOWN position. (Test Set)

a. Umbilical release simulator valve (AC) closed light will illuminate.

(Test Set)

5. Control system may now be de-energized and test panel secured per section
7-6, TEST SET SECURING AND CONTROL SYSTEM DE-ENERGIZING, or if extension is

required, proceed to section 7-2, MAST CHARGING PRIOR TO EXTENSION,
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TM-23-0-D Section VII
7-6 TEST SET SECURING AND CONTROL SYSTEM DE-ENERGIZING
A, SECURING PROCEDURE

1. Connect safety cable assemblies between forward base lugs and arm
lifting lugs (if mast is in the extended position).

2, Close 2000 PSI GNj pneumatic supply.
3. Close manual hydraulic return valve.
4, Open pneumatic bleed valve (L). (Test Set)

5. When system is completely bled of air close pneumatic bleed valve (L).
(Test Set)

6. Place all test set switches in down position. (Test Set)

7. All pneumatic and hydraulic supply and/or return lines may now be
removed, and test set cables disconnected.
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T™-23-0-D Section VII

7~7 RELATED VEHICLE OPERATION

The Tail Service Mast is'designed to start operation only after separation
of the umbilical ground-half from the umbilical fly-half which is attached to the
booster stage of the Saturn V vehicle. The umbilical ground-half will separate
from the vehicle after either three inches rise of the vehicle for normal dis-
connect or after fifteen inches rise for what is referred to as "emergency" dis-
connect., Emergency disconnect will take place only if for some reason the
umbilical ground-half does not separate from the vehicle fly-half during normal
;peration. The umbilical carrier is so designed that it will be mechanically
removed from the vehicle fly-half by the vertical motion of the vehicle.

The pivot point of the Tail Service Mast arm is located 172 inches from the
skin of the vehicle and is consequently in an area of high pressure and tempera-
ture during lift-off. The mast 1s rotated back away from the vehicle while the
vehicle is in motion. The timing of the actual operating sequence is such that
the mast will be retracted and the hood closed prior to temperature and pressure
extremes.

The following diagrams illustrate the relative position of the Tail Service
Mast and the Saturn V vehicle throughout the period of most severe environment,
Since there does exist a difference in the operation times from "normal"” and

"emergency' disconnect both are illustrated.
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POSITION OF AIRSCOOP - INCHES RISE OF VEHICLE

T™™-23-0-D Section VII

‘ |
LOWER HALF OF HOOD
RELATED TO AIRSCOOP
' NORMAL CLOSING

Fig. 7-3 Hood closing sequence at normal rate of closing
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Section VII

LIGHTS

@B

/// !

T-51 MIN

|. CHECK INDICATOR LIGHTS TO
MAKE SURE THE HYD BYP V,
4 WAY V, AND HYD RET vH2
CLOSED LIGHTS ARE ON.

\\

SWITCH

T—-49.5 MIN

2.

ACTUATE PNEU BLEED V SWITCH.

Q/
L A

SWITCH

T—49 MIN

3. ACTUATE HYD SUP V SWITCH.

LIGHT INDICATOR

\¥
. O\

e \PISTON /
~=~|[™—~HYD ACCUMULATOR

T—-44 MIN

4. LIGHT INDICATES FULL

ACCUMULATOR.

Fig. 7-4 The Tail Service Mast preparation sequence
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Section VII

(I

A}

SWITCH

T-455 MIN

5. PLACE HYD SUP V SWITCH IN
DOWN POSITION.

I~

SWITCH

T-43 MIN

6. PLACE PNEU BLEED V SWITCH
IN DOWN POSITION.

NG

SWITCH

T-42 MIN

7. ACTIVATE PRESS.V¥#2 SWITCH

SO\~ 10 PRESS V2
-—j ST My
~
//,/ N [
1

LIGHT
LHYD‘ RET V¥

T-41.8 MIN

8. LIGHTS INDICATE PRESS. v#2
OPENS. HYD RET V IS CLOSED.

Fig., 7-5 The Tail Service Mast preparation sequence
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FROM HYD RET V*®| GAUGE TO CYL SUP V
’ — e
AN I | |
\C\a} // ]

T
\ F?//
YETES

I y \
o e s o R S
PRESS. VHI —/

T-41.5 MIN

9. LIGHTS INDICATE PRESS. V¥
OPEN.

PRESS. FROM AIR
PRESS. V¥#| \
/

_71; N
PRESS. SWITCH

T-39.5 MIN

10. PNEU ACCUMULATOR FILLS TO
OPERATING PRESSURE AS
INDICATED ON GAUGE. CHECK
INDICATOR LIGHT FOR PNEU
PRESS. OK.

FROM PNEU ACCUMULATOR
AL LIGHT

\l, [T\
- SR vy suP v

PRESS.VHI
,\\\ | //

N PRESS.V#2

T-39 MIN

I1. INDICATOR LIGHTS SHOW GRAV
DRN SOV AND CYL SUP V OPEN
AND PRESS. V¥#| AND PRESS.V¥*2
CLOSED.

- | +
PRELAUNCH LAUNCH

O

TIME

Fig. 7-6 The Tail Service Mast preparation sequence
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T™M-23-0-D

Section VII

UMBILICAL PLATE
(FLY HALF)

UMBILICAL PLATE
(GROUND HALF) 7

4

FINN

[]
= e =R

HYD RETURN V¥

AIR RELEASE

T+0.5 SEC

I3. GROUND HALF OF UMBILICAL
PLATE SEPARATES FROM FLY-
HALF AIR SPILLS TO OPEN
HYD RETURN V¥ MAST STARTS

MAST RETRACTS

|

PRESS.

NN
NN

—= TO CAM V
:.::'T—

HYDRAULIC CYL
T+08 SEC

14. MAST IS ACCELERATING AWAY
FROM BOOSTER.

TO RETRACT.
/ [ 1

KZT—CAAH \"

T+1.8 SEC

15. MAST CLEARS AIR SCOOP OF
BOOSTER. CAM V BEGINS TO
CLOSE TO DECELERATE MAST
MOVEMENT. HOOD STARTS TO
CLOSE.

T+ 3.2 SEC

16. MAST UP AND LOCKED......
CAM V CLOSED......
HOOD CLOSED......
LIGHT INDICATES FULL MAST
RETRACTION.

Fig. 7-7 The Tail Service Mast preparation sequence
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TM-23-0-D Section VII -
TIME IN SEC. _
, 00 05 Xs) L2 20 3.2 .
VEHICLERISE 0" —
MAST ROTATION NONE
HOOD ROTATION NONE =
WITHDRAWAL MECHANISM |LOCKED
CAM VALVE OPEN _
CONTROL VALVE CLOSED —
' , - |
VEHICLE —y -
-
%
HOOD
|
MAST %
' ——WITHDRAWA
- N ﬁ
\“,“‘ ES
_

[ \

e — .

_ = PRESSURE.
g---------ﬂ'ﬁ_—m-----: mmw RETURN -
s v PNEUMATIC LINE B
Fig. 7-8 Tail Service Mast operatingv sedquence from normal -
disconnect ~ =
7-14 -
-

T3



TM=23-.0-D Section VII

0.0 05 q.rt')ME W SJE2C 20 3.2
VEHICLE RISE 3"
MAST ROTATION NONE
HOOD ROTATION NONE
WITHDRAWAL MECHANISM UNCOCKED
CAM VALVE OPEN
CONTROL VALVE OPEN i
L
-— 2 5"

e WITHDRAWAL

CAM VALVE MECHANISM

[T

= PRESSURE

vmm RETURN
s~ PNEUMATIC

Fig, 7-9 Tail Service Mast operating sequence from normal disconnect
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T™™-23-0-D Section VII

TIME IN SEC.
) 0.0 0.5 10 1.2 20 32
| VEHICLE RISE 21"
MAST ROTATION 120
HOOD ROTATION NONE
WITHDRAWAL MECHANISM UNLOCKED!
CAM VALVE OPEN
CONTROL VALVE OPEN
VEHICLE
s
HOOD /
X WITHDRAWAL

CAM VALVE

<~ - MECHANISM

<\
/
! /
CONTROL VALVE / ,,7 T \

NN PNEUMATIC LINE

Fig. 7-10 Tail Service Mast operating sequence from normal disconnect
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T™-23-0-D Section VII

ME T :
, 0.0 0.8 LO 1.2 20 32
VEHICLE RISE 35"
al , .
MAST ROTATION 20
HOOD ROTATION NONE
WITHDRAWAL MECHANISM UNLOCKED
CAM VALVE OPEN
CONTROL VALVE OPEN
VEHICLE
A s
HOOD
A /\
MAST '\‘,\\G/
{ ]\ S——WITHDRAWAL
l\‘/ < MECHANISM
CAM VALVE -
4.‘“
w’.
4
-
&
: [
By / .
% ™~ CONTROL / 35 |
1l VALVE
\ \i { /
\\\ | —_—f ,/ : -
[ ¥} ,
e T T T T Tl : :2$3::RE

~x PNEUMATIC LINE

Fig. 7-11 Tail Service Mast operating sequence from normal disconnect
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T™-23-0-D Section VII

TIME IN sec —
, 0.0 08 10 20 32 |

VEHICLE RISE 127"
MAST ROTATION Bl
HOOD ROTATION 4g°
WITHDRAWAL MECHANISM UNLOCKED
CAM VALVE ' OPEN
com‘nou. VALVE ' . OPEN

~ VEHICLE— |
ey — WQ /
HOOD

|
N
X
\ ,
MAST 7
rd
,
CAM VALVE %
127"
/ -/
. CONTROL /
VALVE L /

/ \
: |

%" PNEUMATIC LINE

Fig. 7-12 Tail Service Mast operating sequence from normal disconnect
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TM~23-0-D Section VII

0.0 0.5 T.?Fm 3|.Eac' 20 32
VEHICLE RISE 328"
MAST ROTATION 70
HOOD ROTATION 83°
WITHDRAWAL MECHANISM UNLOCKED
CAM VALVE CLOSED
CONTROL VALVE OPEN

VEHICLE =% ‘

HOOD

MAST

1328
CAM VALVE

<

Plg|

CONTRO
G /
_JL / -
_._.l’ L “
--.I-II--=-QI-.---I..- -_-l ;g$ﬁ:¥{ne

M PNEUMATIC LINE

Fig. 7-13 Tail Service Mast operating sequence from normal disconnect
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T™-23-0-D

Section VII

TIME IN SE :
0.0 0.9 1.5 2.0 2.8 35
VEHICLE RISE o"
MAST ROTATION NONE
HOOD ROTATION NONE
WITHDRAWAL MECHANISM |LOCKED
CAM VALVE OPEN
CONTROL VALVE CLOSED
VEHICLE —~
o
/—WITHDRAWAL
CAM VALVE MECHANISM

L% Y

<

/ A\

-.--------'-1—--_-?------‘

Fig. 7-14 Tail Service Mast operating sequence from emergency disconnect

s PRESSURE
sms RETURN
‘s PNEUMATIC LINE
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T™M-23-0-D Section VII

00 09 IQME- NS 2.8 35
VEHICLE RISE - T st
MAST ROTATION : NONE
HOOD ROTATION NONE
WITHDRAWAL MECHANISM UNLOCKED
CAM VALVE | OPEN
CONTROL VALVE OPEN
Ny
—

e—— WITHDRAWAL

CAM VALVE MECHANISM

=== PRESSURE

ITeENeseRsESae SN L s and == RETURN

s~ PNEUMATIC LINE

Fig. 7-15 Tail Service Mast operating sequence from emergency disconnect
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T™-23-0-D Section VII
TIME IN SEC. -
00 09 1.5 20 28 35
VEHICLE RISE . 6A"
MAST ROTATION . 180
HOOD ROTATION . NONE
WITHDRAWAL MECHANISM. UNLOCKED
CAM VALVE OPEN |,
CONTROL VALVE OPEN

VEHICLE

MAST .
. I\ WITHDRAWAL
CAM VALVE < MECHANISM
//
<
\\
,/
i
|
I
!
A
, |
PR .

- PNEUMATIC LINE

Fig., 7-16 Tail Service Mast operating sequence from emergency disconnect
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TM-23-0-D Section VII

TIME IN SEC.
i Q.0 09 LS 20 2.8 3.3
VEHICLE RISE 127"
MAST ROTATION 36°
HOOD ROTATION 21°
WITHDRAWAL MECHANISM UNLOCKED!
CAM VALVE OPEN
CONTROL VALVE OPEN
VEHICLE

HOOD

L~ WITHORAWAL
MECHANISM

CAM VALVE

7
/
/ d
/ <
/ ) ~
4
/ /
’ T
/ | / -
. 127
] | 1
! i
' - =7 Y
A ; ‘
[ ] 1 —— :
meil

vy PNEUMATIC LINE

Fig. 7-17 Tail Service Mast operating sequence from emergency disconnect



™™-23-0-D

Section VII

TIME IN SEC.

: ] 0.0 0.9 1.5 2.0 28 3.5
VEHICLE RISE 278"
MAST ROTATION 62°
HOOD ROTATION 70°
WITHDRAWAL MECHANISM UNLOCKED
CAM VALVE OPEN
CONTROL VALVE " OPEN

' VEHICLE
WITHDRAWAL
MECHANISM
HOOD f
l
, |
n
MAST 218"/
CAM VALVE
/
\
/ / |
/
/
/
4
/
/
/
/
1 : f
CONTROL |
VALVE /
)i 7
— B ¥ e
— I | === PRESSURE
(1 2 11 337 1 8 K1 710] R RETURN

«~" PNENMATIC LINE

Fig. 7-18 Tail Service Mast operating sequence from emergency disconnect
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T™-23-0-D Section VII

TIME IN SEC
0.0 0.9 15 20 28 35
VEHICLE RISE o 506"
MAST ROTATION 70°
_HOOD ROTATION 85°
WITHDRAWAL MECHANISM jum_ocmzo
CAM VALVE. CLOSED
CONTROL VALVE OPEN
VEHICLE——/J\ ]
V4
/
[}
|
CAM VALVE 506"
Yy
/
/ !
/ , . /
/
/ /
/
4 ~CONTROL !
€ VALVE
Y __
l/ \\
—— H :
_ .‘l we= PRESSURE
(17 J 11 J 1 rg9g 113 8 7 7 111/ p—— RETURN

i~~ PNEUMATIC LINE

Fig., 7-19 Tail Service Mast operating sequence from emergency disconnect
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SECTION Vi1
DESIGN ANALYSIS

8- MOTION ANALYSIS
8-2 VIBRATION ANALYSIS
8-3 STRESS ANALYSIS

8-1A






TM-23-0-D

MOTION ANALYSIS LEGEND

»
]

angle as noted (deg)

area (in2)

>
]

(@]
]

arbitrary distance as noted (in)

o]
[

force on cylinders (lbs)

-
]

mass moment of inertia (ft-lb-sec?)

[ve
1

initial valyes

K - 103

c
]

length of cylinders including shaft (in,ft)

mass (lb-secZ/ft)

=
'

L~
[}

pressure (lb/in2)

o
—
]

plvot point of mast on base

o
N
[

pivot point of cylinder on mast

pivot point of cylinder on base

o]
W
1

P; - pivot point of umbilical retracting arms on mast

Q - flow (in3/sec, gal/min)

R - arbitrary distance as noted (in)

S - displacement or stroke of piston (in)
T - torque about piQot P; (ft-1b)

Ty - torque imposed upon system by hood (ft-1b)
T, - total torque required about pivot Py (ft-1b)
t - time (sec,minj‘

V.- volume (in3, ft3, gal)

v - velocity {in/sec, ft/sec)

SECTION 8-1



T™-23-0-D

MOTION ANALYSIS LEGEND (Continued)

W - weight (lbs)
Y - vertical ﬂisplacement (in,ft)
Y, - vertical position of umbilical attachment (in)
Yg - vertical position of airscoop (in)
# - angle of rotation of mast (deg)
¢ - angular velocity of mast (rad/sec)
o - angular acceleration of mast (rad/secz)
2 - angle as noted (deg)
3 - angle as noted (deg)
® - angle as noted (deg)
F - distance to center of gravity (in,ft)
_A - dynamic viscosity (lb-sec/ft2)
& - small change 1n angle
A -rsmall change {n quantity
- &z - approximately equal to

P - density (lb,sec2/in%)

SECTION 8-1
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TM-23-0-D
SECTION VIII
DESIGN ANALYSIS
8-1 MOTION ANALYSIS

This report presents information relating the motion of the Tail
Service Mast to that of the Saturn V vehicle. Design criteria has been
presented as an aid in determining the overall operating parameters of
the Tail Service Mast.

The successful operation of the Tail Service Mast depends upon:

1) the time available to clear the flight path of the vehicle and remove
the mast to an area of lower temperatures and less direct exhaust impinge-
ment 2) designing into the fabricated members an optimum strength to
weight ratio 3) a feasible hydraulic system and 4) a triggering system
with the least reaction time and greatest degree of probability. Calcu-
lations show that each of the above can be met with a reasonable margin
of safety.

All calculations are based upon the best information available and
are not to be taken as final. The information presented here is intended
at best to be a guide for the final design of the Tail Service Mast. For
instance in the section on determining the pressure differential across
the piston no additénal pressure has been added for friction or line
pressure drops and it is recommended that these figures be multiplied by
a factor of at least 1.5 for the pressure at the accumulator. Curves have
been provided to show the relation of the tail of the vehicle to the Mast
as a means of estimating the temperature and pressure ranges that the mast
will be subjected to throughout its entire motion. Curves on the pressure

and flow on both the input side and the output side of the cylinders and



T™™-23-0-D Section 8-1

data on the pressure drop across the cam valve have been provided as an
aid in the design of the control cam. All information has been tabulated
as a reference for correlating parameters.

1. The design criteria used to establish the operating parameters
of the Tail Service Mast are presented here as a reference. Changes in
design criteria may of necessity change operating parameters of the Mast.

a. Pivot point of the Tail Service Mast at 172 inches from skin
of vehicle and at station 98.45.

b. Air Scoop located on vehicle at station 112 and extending 20
inches from skin of vehicle at -30°.

c. Umbilical attachment disengages from vehicle at three (3)
inches above nominal position for '"normal" disconnect or fifteen (15)
inches above nominal position for "emergency" disconnect.

d. Tail Service Mast may be allowed to travel until vehicle
reaches a height of ten (l0) feet above the mast in the up and locked
position,

e. Time will be taken as equal to zero when holddown arms are
released from vehicle.

f. Tail Service Mast motor section will be two 3 1/4" bore
hydraulic cylinders with two inch connecting shafts on the input side.

g. Motion for the vehicle will be restrained for first 10

inches vertical travel.

8-4
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T™-23-0-D . SECTION 8-1

A. KINEMATICS The main objective of this motion analysis is to determine

that there will be clearance between the Jehicle flight envelope and the

umbilical carrier during the initial lift-off phase of the vehicle. After

separation of the ground-half umbilical plate from the vehicle the Service

Mast 1s to be moved to an area of lower temperature and less direct engine

exhaust impingement in a minimum of time.
A critical area of clearance within the flight envelope 1s an air

8COOp ldcated on the vehicle directly below the umbilical attachment and

extending twenty (20) inches from the skin of the vehicle. The hood which

will cover the umbilical carrier during liftoff will not begin closing
until the mast has rotated throﬁgh épproxlmately 25 degrees. This will
prevent interference of the hood with the airscoop.

The Tail Setrvice Mast will rotate through a total of 70 degrees
in less than 3 seconds. The first few degrees of rotation, however, will
determine the acceleration rate of the mast.

A time reference position for calculation purposes will be set up
to coincide with the time frame of the vehicle. Time will be taken as
equal to zero when the hold-down clamps are released from the vehicle.

Figures 8-1 & 8-2 are time-space curves of the vehicle and can be
used to determine the time available for clearance of the flight path of
the airscoop.

The umbilical carrier 1is so designed that there are two maximum
positions that it may disconnect from the vehicle fly-half. The first
position is referred to as "normal" disconnect and occurs at three (3)

inches rise of the vehicle above nominal position. The second position

8-7



TM-23-0-D SECTION 8-1

is referred to as "emergency" disconnect and will occur at fifteen
(15) inches rise of the vehicle above nominal position.‘

The Saturn V vehicle is to use restrained motion for the first ten
(10) inches vertical rise. From figure 8-2 normal disconnect occurs at
t = 0.5 seconds and emergency disconnect occurs at t = 0,9 seconds. From
the plume configuration of the Saturn V engines it was established that
the mast maf be allowed to travel until the engines are approximately
ten (10) feet above the mast with the mast in the up and locked position,
The bottom of the engines reach this position at t = 3.5 seconds. This

glves a total time of travel available for the mast of 3.0 seconds from

normal disconnect and a total available time of travel of 2.6 seconds from

emergency disconnect.

The umbilical attachment 1is moving with the vehicle, howeve;, the
mast has not begun to rotate until the attachment has completely dis-
connected. Figures 8-3, 4, & 5 show the position of the umbilical carrier
with respect to the airscoop for the three positions of unlocked, normal,
and emergency disconnect. From these it can be seen that the retracting
arms come closer to the airscoop during emergency disconnect. Since the
distance from the pivot point of the mast to a point on the umbilical
ground-half is different for the two positions it will be necessary to
check the actual time-space parameters for the mast.

A geometry drawing connecting the reference points of the mast is
shown in figure 8-6. For normal disconnect Y is the initial position of
Point A at disconnect and is the difference between station 125,5 and

98.45 which is the station of the pivot point Pl. The bottom of the

8-8
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HETF  s1A 126.6

'T .|
10.5 \
:3()0 2!413 '
AIR SCOOP —1L T < 0.5 SEC

LOCKED POSITION

FIG 8-3 Umbilical carrier showing locked position
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21.3 \

T= 0.5 SEC

AIR SCOOP

NORMAL DISCONNECT

FIG 8-4 Umbilical carrier showing normal disconnect
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T= 0.9 SEC

—<+—— SKIN OF VEHICLE

EMERGENCY DISCONNECT

FIG 8-5 Umbilical carrier showing emergency disconnect

NS
X
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/72 -

FIC 8-6 Determining angle of rotation of Mast

umbilical plate is 10.5 inches above the airscoop which is at station

112. The addition of the three inches rise for disconnect puts point

A at station 125.5 for a difference of 27.5 inches.

It

¢ = Y(172)2 + (27.5)2 = 174 in.
8 = Arctan (27.5/172) = 9.1°
0' = Arcos (152/174) = 29.1°
$ =01 -906, =20°
The vertical distance the umbilical attachment travels will be Y' - Y.
152 sin 29.1° - 27.5 = 46.4 in. |
This will also be the vertical rise of the vehicle to maintain the in-

itial distance between the airscoop and the umbilical ground-half. From

figure 8-2 the vehicle travels this distance in approximately 0.87 seconds

8-12
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from normal disconnect position. An acceleration of .less than 1 rad/sec2
would be sufficient to move the mast out of the flight path with this much'
time.

For emergency disconnect and using fifteen (15) inches rise point

A will be at station 137.5 for a difference of 39 inches.

c= N(172)2 + (39)% = 176.4 in,

®
I

Arctan (39/172) = 12.8°
8'= Arccos (152/176.4) = 30.5
g =17.7°
The vertical distance the umbilical attachment travels is
176.481n30.5 - 39 = 50.5in
To maintain the initial distance between the attachment and the airscoop

from figure 8-2 the vehicle rises this distance in 0.62 seconds from

emergency disconnect position.

\VEHICLE SA7TAN

FIG 8-7 Tail service mast showing reference points
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|

These are the times allowed for the umbilical cdrrier to just clear

the airscoop and does not allow for any additional clearance which must
be taken into consideration for safety. 2z
| -
For emergency disconnect to determine the acceleration rate the
17,7° is used. ii
=
XL =2 @ =2(0.3) = 1.56 rad/sec?
t2 0.384 =
=
This is the minimum constant acceleration required to move the
mast from the flight path of the airscoop in 0.62 seconds. The motor B
section of the mast will not be capable of maintaining a constant accele-

‘ : =
ration rate, however, and a higher initial acceleration must be specified, =
In order to keep the acceleration as low as possible and to allow for : =

a8

maximum time the distance between the umbilical carrier and the airscoop
was allowed to decrease slightly until the mast could gain momentum. This %%
gave the necessary time to get the mast started after disconnect and ex- -
ceed the velocity of the rising vehicle. &
The following tables and graphs show the motion of the Tail Service =
a

Mast relative to the time frame of the vehicle., Calculations will be

1
I

made using the time-space parameters for emergency disconnect., Infor-

G |

mation concerning normal disconnect is included for reference.

it

i
i

i

BTl
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To determine the angle of rotation of the mast consider the carrier
as having moved to emergency position and connect the pivot points of
the mast and lower retracting arms of the umbilical carrier with an ar-
bitrary line R. As the mast rotates about the pivot P; the near point

Ya moves along the retracting arm away from point P4.

Ya

161.3° CONSTANT AFTER DISCovvecr

Yo

/52 /7. 3° pi
N PATH OF OUTSIBE EPGE OF A/RSCOOP

FIG 8-8 Geometry for determining angle of rotation of mast

~ To determine the angle ¢ from figure 8-8 .

c =9 (152)2 + y2 |
A = Arcsin [(R/C)(sin A)]

)
¢

180 - (A + A)

]

Arctan (y/152) - (§+ 11.3°) (8-1)
y at all times will have to be taken as a point on the centerline of the

retracting arms. On figure _g-1] corrections have been made to consider

8-15



the radius of the retracting arms and the lower projecting ground-half
of the umbilical attachment.

Example for determing §

Since the position of the airscoop is known the distance of the
attachment may be set for any desired separation. An arbitrary datum is
selected through the pivot point of the mast at étation 98.45 (Pl) and
Y is measured from that.

For a separation of Ya - ¥Ys =~ 11 in

Y =57 at ¥= 1.2 sec

¢ = (s2)? + (51)% = 162.3
A = Arcsin  (143.8/162.3)(sin 161.3) = 16.5°

6
¢

180 - (16.5 + 161.2) = 2.2°

Arctan (57/152) - (2.2 + 11.3) = 6.9°

This will be the-angle the mast has rotated through in order to keep
ﬁﬁe umbilical carrier ahead of the airscoop. Only those values of ¢
through approximately 25° were convenient to calculate. Since the rotation
of the mast was not expected to vary erratically it was'desifed to obtain‘
the remaining values by drawing a smooth curve approaching a zero slope
at the end éf the stroke. Fram this curve the velocity and accéleration
were plotted. Once the acceleration values are available it is possible

to find the torque required about the pivot point Pp,

8-16
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NORMAL DISCONNECT

Ya Ya-Ys

Ys

VEHICLE
RISE

TIME

IN oeg
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FT

SEC

O20,0200500560076242002005
¢ & o @
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o~ 70371504827036913567899
1112233344555566666666m
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52
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24
27
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OPERATING PARAMETERS FOR NORMAL DISCONNECT

FIG. 8-9,
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EMERGENCY DISCONNECT

e

VEHICLE
TIME RISE Ys Ya Ya-Ys )
(SEC) FT. IN. IN IN IN DEG RAD/SEC RAD/SEC2
0 o 0 13.5 24.0 10.5 0 0 0
.9 1.25 15 28.5 39 10.5 0 0 2.0
1.0 1.75 21 33.88 43.6 9.7 1.5 0.32 1.80
1.1 2.25 27 39.4; 49.8 10.4 3.6 0.41 1.40
1.2 2,92 35 45.6 56.9 11.3 6.0 0.50 1.05
1.3 3.63  43.5 52,6 64.1 11.5 8.5 0.59 0.85
1.4 4.38 52,5 59,2 74 14.8 12.0 0.63 0.65
1.5  5.29 63.5 68.3 82.3 14.0 15.0 0.69 0.45
1.6 6.25 75 19.0 0.73 0.30
1.7 7.29  87.5 23 0.75 0.15
1.8 8.33 100 27.5 0.76 0.05
1.9 9.42 113 31.5 0.76 -0.05
2.0 10.60 127,2 36 0.75 -0.15
2.1 11,80 141.6 40 0.73 -0.25
2.2 13.0 156 44 0.69 -0.35
2.3 14,60 175,2 48 0.65 -0.45
2.4 16.20 194.4 51 0.59 -0.50
2.5 17.80 213.6 54.5 0.52  -0.55
2.6 19.80 237.6 57.5 0.44 -0.60
2.7 21.60 259.2 60 0.38  -0.65
2.8  23.20 278.4 62 0.33 -0.70,
2.9 25.20 302.4 63.7 0.29 -0.70
3.0 27.50  326.4 65 0.24  -0.75
3.5 37.50 450 , | 70 0 -0.75
FIG. 8-10. OPERATING PARAMETERS FOR EMERGENCY DISCONNECT |
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Fig 8-15 Vehicle tall and umbilical carrier relation for emergency disconnect



L

i

B. KINETICS. The force required of the hydraulic cylinders may be

determined by considering the dynamic and static load on the mast. A

Kl

load diagram is made of the mast and it is broken up into sections. By

i

breaking the mast up into relatively small sections it can be assumed that

the reversed effective forces will act through the center of gravity of

L

the section thereby eliminating the need for finding a moment of inertia

and center of percussion. Due to the relatively small angular velocity

Kl
‘Mu

attained the mrco® term may be neglected leaving only the mro term and

|
1

rn

the weight to cause moment about the pivot point of the mast.

Using the load diagram and summing moments about the pivot point

leaves an unbalance of 45455.52 ft-1b which must be made up by the cylin-

ders.

i

To utilize hydraulic cylinders as the driving unit instead of

rotary actuators placement of the cylinders is a compromise between best

mechanical advantage, stroke, and position to obtain maximum velocity

within the early stages of movement.

é/(f#) ‘ R

7454

!
i

]

i

> (F#+)

FIG 8-16
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Figure 8-16 is a schematic of the motor section of the mast. P
is the pivot point of the mast and is fixed. P2 is the attachment of the
cylinders onto the mast and rotates about P1, L represents the length
of the cylinder and shaft at any time. An equation for the torque
developed by the cylinders may be derived which is a function of the
angle® . The angle® 1is a direct function of the mast displacement
angle @.

Py(x) = 1.183 + 3,982 cos = L sin 8

Py(y) = 7.454 + 3,982 gin = L cos @

L=1.183 + 3.982 cosQ = 7.454 + 3.982 sin(® | (8-2)
sin 8 cos 8

1.183 + 3,982 cos@ = tan @ (7.454 + 3.982 sin(® )

0 = Arctan 1-183 + 3.982 cos (@

7.454 T 3.982 sinG (8-3)
T=(F+cos 8)(3.982 cos @ ) - (F-sin 6)(3.982 sin @ )
T=3.982 F- (cos 6 cos@® - sin 0 )
T = 3.982 F-cos (8 + @ ) (8-4)
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a1

L

(

TAIL SERVICE MAST MOMENT BY SECTION

REF FIG 8-17

TORQUE REQUIRED TO BALANCE = 45455.52 FT-LB

FIG 8-18

W = welght of section -

Y = distance to C G of section

d = distance to centerline of section

o= angular acceleration of mast

M = mass of section

SEC W ¥ Wxd M2

1bs ft ft-1b ft-1b

1 500 14,3 1150 6350.62
2 134.4 13.4 1800, 96 1498.94
3 462 11 5035.8 3472.17
4 1500 9.3 13950 8058.07
6 580 7.08 4060 1805.8
7 580 5.1 2900 937
8 725 2.94 1993.75 389,23
9 750 1.25 562.5 72.79
10 350 1.38 -122.5 41.4
11 391.5 2.3 -450.23 128.64
12 2740.6 3.01 -6166.35 1542.24
13 1032 4,07 -3612 1061.8
14 1930.5 5.52 -10038.6 3653.61
15 2481.6 5.92 -12159.84 5401.93
16 53 8.38 -408.1 231.17
17 285.6 8.10 v-2156.28 1163.86

TOT. 15018.2 6984.91 38470.61
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The unbalanced moment determined includes only that which is required
to operate the mast and does not include any additional moment for operation
of the hood. 1In order to determine what additional moment will be required
for operation of the hood the system is made general. The hood motor
system consist of two master actuators attached to the pivot point of the
mast driving two slave actuators attached to each side of the hood. In
this manner the inertial forces of one half are partially opposing those of
the other half thereby requiring less driving force.

There is a pressure release valve between the input and output of the
master actuator set to operate at a pressure above that which should be
required for driving the slave units. Since the master actuator will have
an outpuﬁ of approximately four times that required to operate the slave
unit the relief valve will be open durhg closing of the hood. If the
same pressure for opening of the relief valve is used as a back pressure
on the master actuator a means for determining the torque required for the
hood motor system is available. In the calculations for the torque a
pressure of 2000 lbs/in2 was used. The cam valve for the hood system
opens at approximately 26°. Below this vélue negligible torque is
required.

The initial force on the pistons may now be calculated. In order to
determine the force on the piston throughout the stroke the torque, which
is dependent upon the angular acceleration, must also be known. The
summation of the inertial moﬁents acting on the system may be set equal
to the product of the moment of inertia and the angular acceleration

thereby obtaining a constant for simplification of caluclations.

8-28
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LU,

From equation 8-4 the force on the cylinders

: T
3.982 cos (8 + @)

F =

For the initial force on the cylinders:

45455.52 ft-1b
= - = 17506 1b
F =3.982 ft. cos(49.3) 8
to determine the constant from: T = I (8-5)

1=1I=45455.52 ft-1b = 22727.76 ft-1b-sec?
xR 2 rad/sec?

whereo(is the angular acceleration.

The following curves and tables show the force and torque required
of the cylinders throughout their operating>range. It may be noted here
that with the hood system beginning operation just before the mast would
start deceleration makes the compressive loadion the cylinders occur at
a shorter length.

The pressure required on the cylinders is calculated in the next
section.

The hood was still in the design stage and the weight used for calcu-

lation purposes may differ from that found elsewhere in this manual.
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T = Torque required without hood
Th = torque imposed upon system by hood - =
Tt = Total torque required i

F = total force required by cylinders

) ¢) ) T Th T¢ F
DEG DEG DEG _ FT-LB FT-LB FI-1B LB
0 20.2 29.1 0 | 0 0
0 20.2 29.1 45456 45456
1.5 18.7 29.6 40910 aogio 12222 -
3.6 16.6 30.2 31819 31819 11674
6.0 14.2 30.9 23864 23864 8490 =
8.5 11.7 31.6 19319 19319 6666
12.0 8.2 32.6 14773 14773 4906 B
15.0 5.2 33.4 10228 10228 3287 &
19.0 1.2 34,4 6818 6818 2106
23.0 -2.8 5.4 3409 3409 1016 =
27.5 -7.3 36.4 1136 8333 9469 2721
31.5  -11.3 37.3 -1136 7197 © 2011 -
36.0 -15.8 38.2 -3409 4924 1338
40.0  -19.8 38.9 -5682 2650 704
44.0 -23.8 39.5 -7955 378 98.6
48.0 -27.8 40.1 -10228 -1895 -487
51.0 -30.8 40 .4 -11364 -3031 =772
54.5  -34.3 41.5 ~12500 -4167 -1055 =
57.5 -37.3 40.5 -13637 ' -5304 -1334
60.0 -39.8 40.9 -14773 -6440 -1618
62.0 -41.8 40.9 -15910 -7577 -1903 g
63.7 -43.5 40.8 -15910 -7577 -1905 s
65.0 -44.8 40.8 -17046 -8713 -2193
70.0 -49.8 40.4 -17046 -8713 -2218 2
, -
Fr6 579
|
=
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C. HYDRAULICS. From the previous section the total force on the cylinders

to give the mast an acceleration of 2 rad/sec2 was 17506 lbs. Since there
are two cylinders the force on one cylinder will be 8753 lbs.

To find the pressure required on the piston let P be the pressure
on the input side éf the cylindér and P be the pressure on the outpﬁt
side, then P - Po will be the pressure differential across the piston
(+ sign to coincide to the force applied with 4 sign indicating cylinder
shaft in tension).

P, will remain constant except for the pressure drop due to the
increase in volume of the input side. The increase in volume and conse-
quently the decrease in pressure on the input side of the cylinder may be
determined by multiplying the displacement of the piston by the area on
the input side. The input pressure P, will be dependent only upon that
which is available at the accumulator and will be given at any time by:

Pivi = PnVn (8-6)

Pn = Pivi/vn PiVi/(V + AV) = PiVi/(Vi + § An)

where: = Initial values

displacement of the piston
= 2(5.15 in2) for two cylinders

i
S
A
n

The output pressure Povwill in part be determined by P, and in part

by the pressure build-up due to the orifice of the control valve. Since

the force required upon the piston is known, the input pressure required

may be determined by:

PhAy - PoA, =F (8-7)
Where: P, = sum of pressures on the output side.
8-32
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FIG 8-21

The total output pressure may be analyzed by the summation of all
the pressures downstream of the piston. The pressure drop in the lines
may be assumed to approach zero due to the small value of the total
length and the dynamic viscosity ¢/ in the line drop equation 32/IVL/D2
where & 1s on the order of 10, Then P, becomes P; + Py + Py, The
pressure drop across the orifice P, - P, will be dependent upon the flow
through the cam valve. To simplify the calculations the two cylinders may
be taken as one with the equivalent area.

For the initial conditions assume the valve is open and the orifice
- will be the same diameter as the outlet, Figure 8-20 is a general sche-
matic of the hydraulic system. The areas shown represent the total areas
for the two cylinders. The orifice is indicated as discharging directly

into the atmosphere.
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FIG 8-22

P, (By -~ Pg) + (Pg = P.) + (P, = Pg) + P, (8-8)
Po= %PV - VB) + % p(VF - VD) + Py
P, = 5027 (1/a2 - 1/a2) + %20 (1/A2 = 1/A2) + P,
P, = %QZ/ (172 - 1/a2) + Pa (8-9)
Theradditionalrpressﬁre needed to overcomé the inertia of the fluid
is reiativ;iyy;ﬁaiii;sV;hoﬁﬁ for therinl;;alﬂkiow of 170.é in3);éc;
From: F =Q 2 (AV)

for an initial velocity of 14 in/sec

F

I

(170.8 in3/sec) (8.023 x 10'51b-sec2/in4) (14 in/sec)

]

F = 0.192 1lbs

Additional pressure needed: P = 0.192 lbs/16.58 in2 = 0.013 1bs/in2

This {s small in comparision to the total pressures needed and can be

neglected.
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In order to determine the {nitial input pressure the initial
output pressure must be determined. This output pressure will be the

sum of the pressure drops plus atmospheric pressure indicated in equation

8-8 as P,
P = %(170.8 tn3/sec)? (8,023 x 10-51bs-sec2/in%) (0,551 - 0,004 1n2)
+ 14.7 1b/1n?
Po = 15 1b/1n?

The input pressure 1s then:

From this initial input pressure the remaining values of P, may be
calculated from equation 8-6 and the required value of the output pressure
may be determined throughout the operating range.

As an example from figure 8-18 and 8-21 at § = 3,6°

Qo = 185.7 in3/sec
P, = 1692 1b/1in2
F = 11674

Po = PAn - F = (1692)(10.3) - 11674 = 347 1b/in2
Ao 16.58

From equation 8-8 the pressure drop across the orifice will not be

equal to zero and:
(Py = Pg) = Py - 1/2Q2 (1/A% - 1/Ad) - P, (8-10)

The areas Ap and A and the density are constant therefore the

pressure drop may be determined In terms of the flow Q.
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(Pp - Py) = Pg - (2.74 x 1079) Q2 - 14.7

(Pp - Py) = 347 - (2.74 x 1073)(185.7)% - 14.7

(Py - Pg) - 331.4 1b/in?

The pressure drop required across the orifice (cam valve) can be
calculated using equation 8-10. From actual test data on the cam valve
a flow of 100 gal/min gave a pressure drop of 800 1bs/in2 for a diameter
of 0.380 inch. This data was ﬁsed to determine the diameter at other
flows and pressures assuming a constant coefficient of discharge. This
method will provide for a preliminary design for the mast control cam.

Curves have been made to indicate the flow on both the input and
output side of the cylinders, The flow 1s necessarily high but occurs

over a short period of time and should cause no malfunction of components.
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) L AL Avn® Qn® AV, Qo® |
Deg in in in3 in3/sec gal/min in3  1in3/sec gal/min

0 121.41 0 0 0 0 0 0 0
1.5 120.38 1.03  10.6 106 27.53 17.08  170.8 44,36
3.6 119.26 1.12 11,54 115.4 29.97 18,57 185.7 48.23
6.0 117.85 1.41 14.52 145.2 37,71 23.38 233.8 60.72
8.5 116.39 1.46 15,04 150.4 40.0 24,21  242.1 62.87
12.0 114,13 2,26 23.28 232.8 60.46 37.47  374.7 97.31
15.0 112.23 1,90 19,57 195.7 50.82 31.5 315.0 81.81
19.0 109.68 2.55 26.27 262.7 68,22 42,28 422.8 109,.8
23.0 106.89  2.79 28,74 287.4 74,64  46.26  462.6 120.14
27.5 103.80 3.09 31.83 318,3 82.66 51.23 512.3 133.04
31.5 100.75 3.15  32.45 324.5 84.27 52,23 522.3 135.64
36.0 97.31 3.44  35.43 354.3 92.01 57.04 570.4 148.13
40.0 94.20 3.11  32.03 320.3 83.18 51.56 515.6 133.90
44.0 91.05 3.15  32.45 324.5 84,27 52.23 522.3 135.64
48.0 87.67 3.38  34.81 348.1 90.40 56.04 560.4 145.54
51.0 85.24 2.43 25.03 250.3 65,00 40.29 402.9 104.63
54,5 81.00 2.43 43,67 436.7 113.41  70.30 703.0 182,57
57.5 78.39 2.61  26.88 268.8 70.0  43.27 432.7 112.38
60.0 77.76 2.63 27.09 270.9 70.35 43.61 436.1 113,26
62.0 76.09 1.67 17.20 172.0 44,67 27.69 276.9 71.91
63.7 74,78 2.31 23.79 237.9 61.78 38.30 383.0 99.47
65.0 73.62 1.16  11.95 119.5 31.03 19.23 192.3 49.94
70.0 69.50 4,12 42.44 84.9 22.05 68.31 136.6 177.4
(:) For two cylinders

FIG 8-23
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4 S SAICID Pn@ Po . Pr' Pa d

Deg in_ ip3 1b/in? _ 1b/in? 1b/in2 __ OPIFKE DIA
0 0 0 1724 1724 0

1.5 1.03 ©10.6 1708 130 115 0.81

3.6 2.15 22.15 1692 347 332 0.65

6.0 3.56 36.67 1571 526 511 0.65

8.5 5.02 51.71 1650 623 608 0.63
12.0 7.11 73.23 1621 711 696 0.75
15.0 9.18 94.55 1594 792 777 0.68
19.0 11.73 120,82 1561 843 828 0.78
23.0 14.52 149.56 1526 887 872 0.80
27.5 17.61 181.38 1490 762 747 0.87
31.5 20.66 212.80 1456 783 768 0.87
36.0 24.10 248.23 1419 801 886 0.88
40.0 27,21 280.26 1387 819 804 0.86
44,0 30.36 312,71 1357 837 822 0.86
48.0 33.74 347.52 1325 853 838 0.89
51,0 36.17 372.55 1304 857 842 0.75
54.5 140,41 416,22 1267 851 836 1.0
57.5 43.02 443.10 1246 855 840 0.78
60.0 43.65 449.60 1241 869 854 0.78
62.0 45.32 466.80 1228 878 863 0.62
63.7 46.63 480.29 1218 872 857 0.73
65.0 47,79 492.24 1209 883 868 0.52
70.0 51.91 534.67 1178 866 851 0.44

(:) For two cylinders

Based upon an
of 1724 1lbs/in
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3ccumulator volume of 1155 in3 and an initial pressure
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VIBRATION ANALYSIS LEGEND

modulus of elasticity (1b/1in2)

=
]

frequency of vibration (sec-1)

L)
1

g - acceleration of gravity (32,2 ft/sec?, 386 1n/sec2)
1 - area moment of inertia (1n4)

L - intensity level (decibel)

L - length of assumed beam (in,ft)
P - sound pressure (dynes/cmz, 1b/1in2)
B, - plate

W - total weight
X - horizontal distance from pivot of mast (in,ft)
X(x) - amplitude as a function of x

Y - deflection in vertical (in)

velocity (in/sec, ft/sec)

~
[

y - acceleration (in/sec?2 ft/sec?)

S
]

angular velocity (rad/sec)

SECTION 8-2
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8-2 VIBRATIbN ANALYSIS

A. GENERAL During firing of the Saturn V vehicle intense mechanical and
acoustical vibration in the Tail Service Mast area will be experienced.
Certain stresses in addition to those set up by the temperature, pressure,
and exhaust impingement of the Saturn V engines will exist. These stresses
will have as the excitation source acoustic and mechanical vibration.

Vibration whether acoustic or mechanical, is either sinusoidal or random
in nature. Sinusoidal vibration would represent a single point source vibrating
at one frequency giving rise to a periodic or harmonic waveform. Random
vibration, as opposed to sinusoidal, is a group of frequencies usually having
a broad peak within a certain frequency range. For instance rocket engine
noise is random having a single broad peak in the audible frequency range.
The frequency at which the spectrum reaches a maximum increases as the nozzle
exit veloclty increases.

In a rocket engine the sound pressure levels are high enough to cause
structural and equipment damage up to distances of 100 times the nozzle dia-
meter. The acoustic power level is proportional to the total power output
of the jet exhaust with maximum éfficiency occuring at the higher exhaust
gas temperatures.1

Vibration damage is usually a result of fatigue cracks occuring in the
structure. Since the vibration, acoustical and mechanical, wiil be of short
duration during Saturn V launch the Tail Service Mast is not expected to
undergo severe damage. However, since such a high intensity level for the
Tail Service Mast area has been predicted items such as hydraulic lines,

electrical connections, conduits, brackets, etc. are susceptible to failure.

8-42
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The manner in which any structure respdnds to acoustic excitation is
dependent upon the intensity of the field and the éesign characteristics of
the structure. The Tail Service Mast, being massive, will not be very sen-
sitive to the acoustic field, Due to the design of the mast, however, the
area near the pivot point will experience considerable stresses. The mounting
manner of the Tail Service Mast approximates a beam on & tower or a cantilever
beam which will result in low frequency, high amplitude oscillations. These
mounting methods often lead to structural failure.

For a general vibration analysis of the Tail Service Mast it may be
assumed to react as though it were a beam supported either at one end or at
the middle and one other point. Since the mast changes cross section at
approximately the pivot point and becomes quite massive for the counterweight
section the basic mast may be approximated by a cantilever beam.

A complete vibration study of the Tail Service Mast will not be possible
except under actual operating conditions. It will, however, be within the
scope of this report to obtain an approximate value for these additional
stresses and to show that the Tail Service Mast as designed will withstand
these stresses.

To make a general vibration analysis of the Tail Service Mast the following
assumptions will be made:

i. The vibration of the Tail Service Mast can be expressed as a sinusoidal

function. |

2. The Tail Service Mast will react to the vibration influences as though

it were a cantilever beam,

3. The hood in the open position will be considered negligible as a

secondary source of vibration with respect to the basic structure,

4. The counterweight section of the mast will have infinite mass and

therefore be insensitive to vibration.
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In order to determine the additional stresses the mast will be
subjected to due to the acoustical field an intensity level of 190 db
.from reference 4 will be used. For the acoustic ﬁressure all other forces
acting on the mast will be taken as negligible. The deflection of the
mast due to the weight and concentrated load of the hood will be neglected
in order to observe the effects of the acoustic pressure.

Wave energy passes through an area with a rate that is proportional
to the energy density and thervelocity of the wave, This rate is the
intensity of the wave. The intensity level for thg Saturn V launch may
be calculated as approximately 190 db in thé Tail Service Mast area.5

The intensity level is given by2

L = 20 Log g_ where Po = 2 x 10-4 dynes/cm2 (8-11)
)

from this then P = Po (10)L/20 and for a level of 190 db

P

(2 x 10’4) (10)2+5 = 2 x 1093 (dynes/cmz)
P =6.32 x 10° dynes/cm2

6.32 x 105 dynes/cm2 x 14.5 x 10‘61bs/in2 =9,17 lbs/in2
' 1 dyne/cm?

For a 32 inch wide beam this is a uniform load of 293.4 1b/in. The
mast will be considered as a cantilever beam with a constant pressure
loading.,

The shape of a uniformly loaded cantilever beam may be taken as

ETy=uwx? (612 - 41x + x2) (8-12)

———

24

This then will also be the shape of the load factor curve in order

to determine the shear and moment on the Tail Service Mast.,
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The cross sectional area of the Tail 3ervice Mast changes due to
the stiffeners, etc, and any attempt to determine the area moment of
{nertia of all cross sections would be quite cumbersome. It will, there-
fore, be necessary to assume a constant cross section having an average

of the values taken from various sgsections.

32~
S 4rd x%/2
T 1 ‘//‘ IE
36
§ 3 L
X :
g .///"4X5'/Ee
rj 2210 =
] A
I 1

Fig 8-27 Cross section of mast through stiffeners

T
I
UL T

Fig 8-28 Cross section of mast without stiffeners
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The stiffeners, plates and panels will be assumed welded close enough
to take the area moment of inertia as the difference in the two rectangles

as shown in Figures 8-27 and 8-28.

= 32 x 403 - 22 x 303 (in)4
12 |

I=1.2 x 105 in%

, _ (32) (40)3 - (31.6) (39.6)3 + 2(3.36) + [5.6 + 3.75 (18)2 4
I x4 TR

I' = 1,2 x 10% tnf
Take as the I for any cross section the avérage of I and 1' which is
T =6.65 x 104 1n#

1f this average I and the loading of 293,4 1lb/in is substituted into
equation 8-12 the shape of the beam q?e to the acoustic pressure ﬁill then
be given by: _ |

y = x2(6L2 - 4Lx + x2) (6.12 x 10-12)

The acceleration in G's will be proportioﬁal to tﬁe displacement of
of the beam and therefore the load factor curve will ﬁave the same shape
given by equafion 8-12, At x = 0 the displécement y = 0 and consequently
the acceleration y = 0., At x = L the displacement y will have a maximum
value and therefore the acceleration will be at a maximum for any period of
vibration.

Since the weight of the mast has been neglected for the acoustical

loading the maximum displacement or amplitude of any portion of the mast

will be given by equation 8-12.

8-46

L

T

W ED0 W &l

ST

R

el

i

i

ml
i

W

|

Wa

[

"" "

i



[

For the maximum displacement : x = L and

y + 18.38 x 10-12 (154)% in
y = 0,01 in
The amplitude or X(x) will at any time be depenaent upon the fre-
quency of the applied sound préssure with a maximum occuring at resonance.

The greatest stress the mast will be subjected to will occur then at

resonance,

__'a ]
~

Y W,

Fig 8-29 TSM represented as a cantilever beam

The hood will be considered as & concentrated weight near the :end-of

the mast as shown in figure 8-29.

The natural frequency of the first mode of vibration for a cantilever

277(L + a)4 J w

and for a mass vibrating on the end of a weightless cantilever beam’:z

beam:

277 w L3
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The resonant frequencies of the two independent systems may be com-

bined for an approximate resonance of the entire system by:

1 =1 + 1

-
i

w(27) (L +a) + W27 L
£a2  (3.5)2(E I g) (E I g)

£ = 3.5 3Elg
n —_— =
2 dw (L + a)% + 12,25 WL3

£ = 3.5 .¢3(30 x 10 1bs/in?)-(6.65.x 10%1n%)-(386 in/sec?)
" 57 Y3(21 1b/in)« (144 in)4 + 12.25 (1400 1bs)(110 in)3
fy = 3.5 _q 23.1 x 1014 = 113 cps

27 270 x 108 + 228 x 108

The resonant frequency of the system is well within that range where
most damage'will occur. Low frequency high amplitude oscillations often
lead to structural failure., The Saturn V launch will be prominent in
the frequency range of 80 to 2000 cycles per second.

It can be shown that during resonance the amplitude of a vibrating
specimen will exceed tﬁe amplitude of the specimen under the'same load
at any other frequency.

If y represents a harmonically varying function such as X(x) sin @t
then the acceleration ¥ may be found for any portion of the vibrating mast

at its worst or fundamental frequency.

X(x) sin Pt "~ (8-16)

y:
y = X(x) ¢ cos #t _
¥ = X(x) 9% sin Pt (8-17)

where @ = 277f
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The acceleration predicted for the Tail Service-Mast area is
100 G(xms)>. This is the acceleration that a 3 x 3 foot plate would
experiénce at the center and would have to be corrected by a weight
and frequency factor in order to have significance for the Tail Service
Mast. If the cantilever beam method is used, however, the acceleration
may be determined direc;ly by equation 8-17,

At resonance y will have a maximum value where sin ¢t = 1. 1If
X(x) then is set equal to y max then the acceleration
¥ =-(0.01)(2 113)2 = -504171n/sec2
The minus sign is insignificant for the load and in terms of

gravitational units:

¥ = 3041 = 13 ¢
386

This is the maximum acceleration attained by the beam or mast at
= L and the vélue of G will be proportional to L4,7 The load produced
by the acoustic pressure will produce stress reversals in a relatively
short time (on the arderof‘0.0SB éeconds at resonant frequency) and
would be considered as a suddenly applied load. It will be necessary
then to multiply the load by the factor of two for impact. In the load

curve the maximum acceleration used was 26 Gs instead of 13 G.

The maximum stress due to the bending moment will be at the position
where the mast abruptly changes cross section near the pivot point, If
the minimum moment of inertia is used the stress will be given by MC/I

where C ig the distance to the neutral axis taken as 20 inches for the

mast,
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For the stress at a cross section 1.5 feet fowatd of the pivot
point C = 20 in and I = 1.2 x 10% in%,

The stress g = MC/I

- (55000x124n-1b)(20 in) _ 119g 1pg/in2
1.2 x 104in%

T
This additional stress will not affect the structure of the mast,

however, items carried within the mast particularly at the forward end

are susceptible to failure. Items such as brackets, clamps, relays,

solenoids and analggous designs should be positioned and isolated for

least vibratory effects.
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TM-23-0-D SECTION VIII

8-3 STRESS ANALYSIS

The stress analysis covers in detail the fabricating and structual
members of the Tail Service Mast. The design of the mast at the time of
analysis was still in the preliminary stage and some components may be
different than those analyzed. Changes that affected the structure

stress-wise were checked against existing components and where found to

exceed those requirements were not necessarily incorporated into the analysis,

Weights and forces on some components have changed and may not
necessarily be the same as those used elsewhere in this manual. The stress

analysis section will be revised as soon as design is finalized,

SHEAR REFERENCE
MIL-HDBK-5
AUGUST 1962

1.4.6.3 Proportional Limit in Shear (Fsp). -- This property is of
particular interest in connection with formulas which are based on
considerations of perfect elasticity, as it represents the limiting
value of shearing stress to which these formulas can be accurately
applied. As previously noted, this property cannot be determined
directly from torsion tests. The results of research at the National
Bureau of Standards show that the ratio of the proportional limit in
shear to the proportional limit in tension can be assumed to be
approximately 0.55 for the commonly used materials.
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STRESS ANALYSIS LEGEND

A - AREA (5Q. IN.)

C - COMPRESSION (LBS, KIPS)

F - LOAD (CONCENTRATED) (LBS, KIPS)
I - AREA MOMENT OF INERTIA (IN%) |
- KIPS (1000 LBS.)

MOMENT, MASS (IN, LBS, FT, LBS)

= =
'

P - REACTION (LBS, KIPS)

R - RESULTANT, LENGTH (LBS, KIPS, FT)

S - SECTION MODULUS (IN3)

T - TENSION (LB3, KIPS)

V - SHEAR (LBS, KIPS)

W - WEIGHT (LBS, KIPS)

a - RADIUS, AGCELERATION (IN, FT, FT/SEC2)
d - DISTANCE (IN)

f - STRESS (LBS, IN2)

g - ACCELERATION OF GRAVITY (FT/SEG/SEC)
h - HEIGHT OR DEPTH (IN, FT)

| - LENGTH (IN, FT)

p - UNIT PRESSURE (LBS/SQ, IN)

r - LENGHT (FT)

t - THICKNESS (IN)
x - COORDINATE (IN, FT)
y - COORDINATE (IN, FT)

Z - COORDINATE (IN, FT)

8-56

_ SECTION 8-3

I

il

‘
Wi

il

[

i



¢ - COEFFICIENT OF FRICTION (UNITLESS)

GO - ANGULAR VELOCITY (RADIANS/SECOND)

# - POUNDS
77" - CONSTANT (3.1416)

X - SUMMATION

o - ANGULAR ACCELERATION (RADIANS/SEC/SEC)

2,6, R . ANGLE (DEGREES)

ABBREVIATIONS

@ AT
CG,¢p CENTER OF GRAVITY

CONT CONTINUED

EA EACH
¢ CENIER LINE
MIN MINIMUM

MAX MAXIMUM

B, PLATE

REQ'D REQUIRED

VERT VERTICAL

WT WT
% PERCENT
1 PERPENDICULAR

AL SQUARE INCHES
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.......... AL CERVICE  _MAST ey JOB NOucoccooccocemmmmmnns

- A
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\ \ | N o//
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| ) L2, 007 z725’ s
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S o  w| ) Jon’ | (bs Fek ont. fuc)
G S 3.45 //
Tt\lk : - #
q o .
N 7 ‘\E ‘ ‘ 53%—(" €no )
- l
: % _I Qr 77 2
‘g i . ' )[
; Q 1 i

o . | 3/ R Weions 765 ’/FT"; _
Nﬂa//rofj//é ”5/(/'/&/' R = L2 x 265%7‘ 9.7 %Fr
Hacwr oF AL A 2 F Fut2.8 Vs = 502 T
5/?//(5 NIEAZGLERS = £5O0F &9 7 oy o (/ao’ OF ST 9 M FS)
R | T mast - 2/2.3%7 (TorAL)
T O SHIN R ON ERCH SIDE SN FIOST LRy

IR I75x 2 p
Lt o T2

/”,Q @ AO7 = 0.8 x §ﬁ2é'.— 248 hr (_z"fé WelGHS 40.8 “VFr)
3//4 ‘R @ Frver = 32,745 . zo Y

745 = S0 7T

4 44,,4,/1 5/ "Bs @ PNoT = “hr o ‘
425 *7er (ToTAY
Z"’A (70P oF ADJ. CounreRNESHT) = 42 x 20,4 = /7 o :y
/A (@A’oﬂw OF JBIL SECTI/ON = Rr6z2vps . 94 Yo //(S;Fr'
I i M

,2 ~d2x2x U (O/TIDE EDGE
' ) = 2x3.L - = G4
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$-1"Rs @ Ew> o/ THL o = S 108 77%



| - L WEIGHT oF SepvieE LINES
: ) 9.7 . 775" ,
o L l JSHEIBHT oF DYNA— THERM |
S ate [ [ e%

1

WT. OF DYNA-THERM PER 5Q. FT.

= 2.58 Y12 (BASED ON WET WEIGHT)
8.8 #/gaL- %

. ¥DeE: DYNA-THERM CHEWMICAL CORP.

RS Joo W. ALAMEDA .
S BURBANK , CALIFORNIA
© 8-60
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BYo e peee-DATE. . ceen. suaJeCT. . QUNTERNEIGHT (LeAn )R suger NO..oveereeOFceen--.

CHKD. BY.eeee DATEecociccn  wmcoo Toul. Seirion., TR SERVICE..  JOBNO.ooeeeee-- -
............................. . O

MNOTE A Bs Aee /" - T

R I THICK ,L.0. N.
" —
R NS 3
- f 'S
e :
H / ‘ -
L N 9 P
R QIR o~
b
) y S
N L AN
“ 0
[ VZ /é <
] M b
N \9
b N o, . 08 e . . A W s . a3 N lOL '\\~
3 Vor0 (Mropre| SECTION ontY) o N
Y . NIRO S <Y 4 #—X
: o 29,75 375 .
//z”zcaseoawnof"< i T PR ADS.
- - 6225 7 .| COUNTERUKEIGHT
2. 25

25" 0 PvoT
SECT/ION A-~-A

WEIGHT OF LEHD = 687‘ ‘&%7'3

ADRIUSTABLE _COUNTERWE (GH TS
MAKE ADJ. COUNTERWE 1GHTS T x4% w12

wr = 2:5x4.25x(2 = i
i oo xGC87 =172 4&s
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[ ] S, DATE.cccea o
CHKD. BY..oo.. DATE._ooeee - STATIONORY .. . COMTEEMELLHT .. JOB NO.caeeeamaccecccamaune
N YY1V ——
No. Siz& V VoL UME) X i 124 vy
2 | Srsxs B2 ) 3460 7.59 /0.68 26088 | 36,780
1 | mooars(EigiE) 2875 13.00 ro/2 | 37663 | 29095
1 |wooxans(2524)| /507 q2.25 745 | 6367 | 1227
2 |31s,98(235258) 4440 96./5 4.72 | S0e,936 | 3439/
1 |3éexs(Zeltes) 818 70.67 2.59 57808 2119
TOTAL /5 300 991,665 | /10562
CENTER OF GRAVITY FLRor Lrvor
i 49/ 6bs y
Xz 23 4 -73/;?;5— = 55./3
v /0, 562 _
%= 0.2 » LEZE = /8,93
WEIGHT oF CouNTERWEIGHT
#
W = [5,300x487 - O
7728 ©o8
MOMENT ABOUT PivaT
M = (00802 §$5./3 = 28,000 F7-#
/
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) A DATE...rm-e-- suBJECT. JSLQ,.-DJ_-_Q__--A.CTJ.N(‘ ....... SHEET NO....ocuvum OorF.......
CHKD. BY.ce-.. DATE.coenne CPERPENDICULAR ._TO.TOL. QF. AEM  JOBNO. eeeemeeeecmeeaae. _
.......................................... TA e CERY G MAS . rcaee eeeccccimcammccncccecmneea-

INITTIAL ANC’:ULAP ACCELERATION & = 2 “g,;;"s

PvOT R

| Q(P)t: E.d\

TO DETERWINE THAT COMPONENT OF ACCELERATION ACTING
PERPENDICULAR To TOoP OF ARH, BREAK Qi INTO COMPONENTS
PERPENDICULAR TO § PAKALLEL WITH THE TTOP OF ARM AT ANY
POINT "P,

L COMPONENT = (B,A)cos@ = (d/COSB)o(Co.se
L CoMPONENT = dek =% g

N\ COMPONENT = (€ o4) sw@ = (det) TAAI B

GQAVITATIONAL ACCCLEEATION IS8 ALSO BROKEN UP INTO
CO?’H’ONEN\"-.:.

L COMPONENT = gc0s/0° = 0.9859 (ACTING ALL ALONG ARM)

THE ‘9" DIAGRAM SHOWN ON SHEET 8-¢4 |3 THE SuUM OF THE
1 COMPONENTS.
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[ O DATE. ... SUBJECT. .é.Qf-’f?..,E‘_ 2 RisepoM. ... SHEET NO....coeoo- OF.ooo.
CHKD. BY._._. DATE...cceen Y 47 5/ AN L 27 S /=¥ A JOB NO.cueecancccammannmmas

— . ‘ ’J 1
< ' 395
g‘ ﬁ
N of
N |l |-|- _ 1
146 |l
q./25’ WE
. 9.79’ , |z.aa
' g5’
- v 1200’ | 4.08" |
l
| | 4.30° ] ‘7|.3z’
4 /4.80' e Z 7;:»" ,
2350 p Imzz _—
. 1867 153
#*
1735% (HooD) \1\ 024 |
7 7 45 1 s &0
soo* (umBiLicrL #) # 500 /T _ A2
290 /FT T Y
/0#/,”' [ T ! . B — Te— 3
# I { . oo ' ' roC T — EBL
48 Yrr C ' u ! . ]
— = ' 1 ! | ! 1 ! |
' COMIEINEL LOALS
(SEE SHEETS )
187 |1.en | " +4 -4
F\\\& .55 I S
—==_ {1425  |I.29
o1 403
499 91554 W\—fh L8135 g |
i LN [ O. X \4-\\
No. g5 "= 0.985 + /4.8 9859 F\'
N | P
| COMPONENT OF "gs” ACTING L TO TOP OF
ARM. (see SHY. &Y FOR CALCULATIONS)

8-64

o

o W

¢
) 1
I

[ i

EL

I



.
[

1

BY. e “-DATE. .. suasecr.. CENTER _oF. GRAVITTY - ...... SHEET NO..couoeeoo or.......
CHKD. BY..____ DATE ccocoae oo o AN o T Al SERYICE MISL . JOBNOeeeeeeamen

--------------------------------------------------------------------------------------------------------

SEE SHEETS 864 FoR LoALs
Y (rtonT secrion) = 19.75" (BY INSPeCTION)

P W
X (FRoNT  SearT/on) = %7,“

—_— — —Z - —
00 x /4.5 4 98x B + /62 JE2 v BOx 77 4 /7255 91260 2/ O B0
Y = z Z 2

500 + 48x /4.8 + /6212 + EOx 978 + /FBE 4+ 2/Ox /P

X = /50 + 5250 + /[j650 + 3B30 + /5820 + 224
T 500 + V0 +/950 + T83 £ /735 + 307

Z n
X = _;%%_4; = 735 oR 88.2" (SEE SKETCH, SHT. 8-64)
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SUBJECT. S ENTER _0F. GAdMITY. an..
oe ARM , Tt SERvICE MAsT .

- i e o e e T R W G S P L e L T DL D DLt d

- . W e e

5

0. (FRONT SECTION)

T Y T rseE sAT
778" :
| | .
@=30°:a '
: 77 — — —
/renr (A/E/éﬂr) X 7 WX ANY
N ool sss\ '
ARM (To LeFT oF R) S785 (snrdssy — 88.2 ]%75 |—3827,877 | /18,203
TAIL Seorion
(o RicHT oF 2) 7 _
2 oursiwe 1" R 815 z7 z9./ 722,005 | 23,7/6
2 nsiDE 1T R 600 35 32.3 2/,000 /7,380
Borrort 1" R 920 67.5 29.6 28,350 | 12,432
Yo K g5~ 54 33.5 S130 3 /82
VERTICAL RS
57.0 723 36.5" 4 743 ! 86/
73.0 88 35,8 & 424 2 59/
R SO 36.0 3 075 2 7214
30.0 44 3¢.5 2 520 2 760
25.9 4z 37.0 !/ 067 740
55.0 36.5 39.5 2 008 / 878
- 104.57 /9 33.0 / 98¢& 3 4499
/96.0 28 34,0 5 988 b G6d
2/70.0 /0 32.0 2 /00 b 720
47.0 56.8 z27.5 2 986 / 2/0
/0.0 3.5 34.8 934 398
/79,0 o 33.0 . o] q 752
DyaAA- THERM /58.0 28 3z.0 4 924 S 056
sKin R 3" /6 6.0 q46.5 39.¢ 7 7/9 é 590
CounTER WeiehT ¥ |6080.0 5/.0 35.0 3/0,080 | 2/2,800
* sec sHTS. 8-62
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- - ——eascues - " P R m e w de e ENE — B L L T T e Y )

IrEM Wesamwr(#) X 4 WX w7

Tai. SeECTION

ToTAL 2388 46.07 33.93 | 482,840 | 3/8,533
ARM A
ToTAL /5,373 —6.2 28.45 | -95,397 | 937,360

Ly = \/@6.07)2*-(26.‘73)2‘ =534"

8 = dan'20 2 Z,‘; = 30°/8°
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BY.oeeeemmen DATE._cooo-- sua.nzcr--.QX»{_/_{V[J__.&_-_{.O__’LD ......... SHEET NO.oocameem OF e
CHKD. BY.o—__ DATE . ceoemm 1A SERNICE. MAST .- JOB NO. e S———

. " VP 4 o -

- - o U YD O W A e o A e o Y S WY Ve W NN A G R N e e o

76 DETECATINGE  INITIAL [fOACE _oN  Cyli NOEKS

e A e n® _ ~ FADIANS _ , RApifws
/ﬁ/LWAL CoNpDITIoNs @ @107 , w=0 R, X2 P
— 526” *
) —“\-._
F\Zl.iﬁ\’q
I
Q\ e / T, A
T 7~ FrRoNTH 8
s - &

/ ~ T
y R,

‘ A
MNTSEC‘fIGN)"\ — R /

\\ —_—t— y

a5y stoe) = 745 8= tan” £2% = 8%2/
= 5985 % (ser 57»/;..&7‘&&)

£ = ke = S8z = 260 =TS = 9.957

A.

CUT ARM AT PIvoT AND SUM MOMENTS ABOUT ]

2 Mp =G R=)d + NRCos (44 @) - £,

Mp, =270 x9.55+ 5985 x 793 x Cos /82" ~ 4,
M = &8, 600 FT-# = fq

_ .
Nowy SUM MomENTS To RIGHT oF /5 £ I&T EpuAL To /7

7

* 1

FRICTION MO MENT. (1) )
Mp = Muya = 75,373 xo. /53(2//2 = 384 F7-# (FRICTION MoNENT @ PivoT)

IYHERE W = DEAD WE/GHT oF ARM = /553737
A = COEFLICIENT OF ARNCTION = O./5
8-68 Q = RAOI/S oF Fvor Pus =27

&l
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B
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] @ .
4%

L 1s5a’
</
Ik\
L 2
»
o
-
a2
“$/
D
2
N
3
0

fe =CYLINDER LOAD REQUIRED TO OBTAIN IN\TIAL d/?.%f{ij

Re=53.9" @,=@-/0 = 30%8'-/0" = 2078, du = Rz CO5@,

@.45)
2 2_
fap= MKae = ig—aax 4. 95 x2 = 2595# dz :\//.54 + 5555 =576

32.2

2_M = M,/, + M =fidy, —Ed ~ 1375 [ Sin30° + 375/ CO530°+ Wds

<

68,6004y + 384 = —2595% 5.76 ~ X~ -687Fc + 3.25/7 + 4./75x 9388
R.S563 fg = 62,750 +384 * [4,750— 37 200

£ = 28882 o 5 st (CHUNPER (om0 €60 AE
2.563 b IAITIZL  REST RCCELELRT7dM!
OF 2 &a014Ns/SECE)

¥ THE TWO DIMENSIONS 9A.5' & 1.88" ARE CLOSE
APPROX I MATIONS .

THE 4.5 DIMENSION BASED ON THE MAX. MOMENT -
AT PIVOT. THE (.38 DIMENSION RASED ON THE MAX.
MOMENT AT SECTION B-B. (SEE SHT. &11)
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BY.mcmecmana DATE. _cce-.- susJEcT. MAXIMUM _AxJAL _LOALR..IN  SHEETNO....._.... OFacnme.
CHKD. BY_____. DATE........ FERONT._SECTION. UNDER. DYNAMIC:  JOBNO..ccacccccaaamcacaaes
SONDITONG.  TAL,. SEBYIGE VIAST.. corccccceccamcacncmomancaene

THE ANGULAR VELOCITY @:0 .. THE NORMAL ACCELERATION (ax)
An= Yw? = O . THE NORMAL ACCELERATION Fpece =0 ,

W= 5985 " B = .45’ (see SHI. 8-68) Qy, = R\ A
o= may = 21851432 = 2760%
& =82

2= WSINIWO' ~ F SINgY2|

R = 1040 — 8393 = 6947;&'L
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) AN DATE oooe... . sunsecT. . SSHEAR__IV AN (D _IMT1L  suEETNoO............_ OF......
CHKD. BY..___.DATE, .._... A ELERET AN oo JOBNO. coeeeeemmeemeees

SHEMR® Lt cATTIONS

; - = 2) = — o CrOWNS
INITAY COND T/ONE PB=/0° P=0 -2 e
Seg sp7. 864 Fok g7 vaLuEs,

L SKELL T LS ICAL BOUAD AU Ta LEFT oFf Pypor A

V= ©.s)agrss) +(Goo)re7)
Ve 959 + 934.6 = Zpz*

2, SHLEGL GTT EFnD oF BEAS TO LEFT oF Loy 2

S00%

48%;

-

V= 500 /¢79 + /34, /8/
g <ot gt s

V:9385 + 242 = Sz %

3, SHEYR /257 7O LEFT oF o7

V= 77 @Oz~ 979 )0 66)* 290(9.77-9.125)((60) + 1735 (1 5 5

V= /(77 + 770+ 308 + 2690 = o945 7

4., SHEAR 1.46 TO LEFT OoF piveT,

V= 9945 + 290/ 7 /254 96)(15) = 7950%
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2 2 DATE. o ccuma- suauc-r.-§é(.5.22€’..-./_4/_-/?1?27.--_/é'.0.4‘./2'.)_- SHEET NO.coeemenee OF...--.

-----------------------------

& SE9p TV AT CR)
V= 7950 + SO0/ 96 x /03 T 8700%

6. SHEAR 3.45° 70 EGHT OF AVOT

880 5
Ve &8..5 - 22202880 4y 52 + LPEELTEE (5 20k b7

860+ 765

LS X 63 x. 753 + 200x.772 + f& COs20°

V= 26.5+ 203 + 2690 +386 + 159.85 + /5/50x.7¢

v =7,700%

7. SHEAR 1.58° TO EIGHT OF /2

V= /37/0 o+~ 8__6_.0_.2_9{_‘5_-)( 0.8/ x.57 +

zs:o; /867 . ) 3x.849
V=/77/0+ 4/ + 2325 = 20,959

8. SHERR AT PIVOT (R)

T,
V =20,459 %" ——Q—étﬂq X.87x.976 + 500x.7/x.963

V=20,959+ 396 + 392

v=z( /90%

8-72
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BY.cccaeme- DATE. o ee--- SUBJECT. Ao rlENT LN LEN. (@) ____.  SHEET NO..eccceeee OF-cunn--
CHKD. BY.oee-. DATE.ccoeee LAY TE . LK CEL ECRTALN e JOB NO.ceoemoecmmmmmmmnns
Tl . SERIICE L OAST eaeeeeecmnnn mmmemmmcans I

Morrsvz C ey ATIONS

INITIAL PosiTinH

/.80 e 7. 75" N

o5 | *4_

S\

seo*

Sum MomenTs Acona Aen Asout H-A
| FOB LOADS §'9's" SEE SHEET %Y

. MOMENT (2’ 1O LEFT OF PIVOT.

e 2
M = 500x1.81x2.3 + 48x 48 x1.8)
M= 2150 +390 = 2440 FT-#

2. MOMENT 4.79' TO EFT OF FPIVOT.

: JR 4
M = 500 x 1.81x4.5] +48x2.8x3.61x 1.8\ + 210xEEL x 1L

M= 9200 +878 +852 = 5930 FT-#
3. MOMENT 1.4 To LEFT OF PvoT. (SECTION C-C)
M= 500x[.871x12.84 + 48 x2.86%x1.81x11.94 -+ 210x 2. 2 x . bl x 9.4 35
+ (1735+ 2904 1.22)x1.55, 76b& + 20xZ2.33x| 4355835
+ P90x 2.33x1.29] x3.50+ 290x 2. 33« . M4T x[./ 65

M = 12,000 42900 +7275 4 25,/50 + 5650 + 3055 4+ 903

M =56,933 FT-#

8-73



cromswewessea - messeuss Y TR Y L L R N N R T o 9w o s @ D L T P Y e LY T P P L YT Y

/‘/OM!/W‘ CAicul ATIONS — (ConT. )

4. Momerwr ABove Pwor R” ABour A-A.

M = 506 x 1875 /4.3 + SBx 2.8/ 8/x/3F +2I0x22)x )bl /O89S
+(1735+ 2904 1.23)x1.55x9. 125 + 290x 2. 33 ¢ 435 7295
+ 290x2.33x1.29 v 4,955 + 290 x2.33x 1. 141« 2.625 +500x ‘-]:f-’.;f-’fx/.03
M=13380+ 3255 +8380 + 30,000 + 707544320 +2030 +550
M =68,790 FT-# |
&, Momenr AT Seerion 8-8  AB0UT A-A4

F’B

\ 2 (SEE str'ra_é_?)

Q"-‘z t —_—
=% —A

0

725 7

M Fe Cos25°x 2. 75 + L/ closs®x 3.06 — FC:»SZG x444
M= /& /50.0.90652.75 + P259x-T7% x 3,06 — 2500x 69 x4A4

N = 56/060/'-’71# ~

8-74
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i

)

(-.,..m,-n
et

LR LT L L P Y P P D L YTy Y

- | 3306%
PANEL —, . . |
____PoINTs > ] Y
%Tzﬁ“\.%i |
reonT °f/( | 5138 : |
nEM T, 77 2995 %

SHEAR DiAeRANM

D 24907

5930
/4300

1‘
.1

2450

56,000 (SECTION B-B)

(secTion ¢-¢) 56,933

168 990 A7~ # (ABOVE PIvoY )

MOMENT DIAGRAM
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) 2 DATE e susger. MAXIMUM . LOAD_QN_BQUTS  sHeer NO.oeeenee OF-eaanes

CHKD. BYoroeanDATE e cccaee emmm—mee— UNRER _DYNATIG. CONDITIONS JOB NO.oaecannnccaccmaanen
....... PRV -9 | IR -\ CA 74 LR i 1 31--) WUNNRR R SRR et

i
Vi

)

i)

1

Maa @ SECTION C-C
Ma-A = 5b, 933 FT-# (SEE SHT.&%)
d= 29.5-2(2.5) = 34.5 IN.

M _56,933 . _aang*
T=C=-q “Z. 35 5'#=7900

%‘- = 9788 % m:La7"(sEE SHTER)
#‘
B - o,00z

2”.15
. 7 H - *
3-8 DIA. UNBRAKO BorL73

#
S 700

S F
H
V (awownge) = %102- - /9250%

8.08” V(ALLONABLE IN SINGLE SHEAR') -

#
\/(A(_rdAL_) x _QL%L';?;_&‘:’ 3350 # oK

PEF :
7UNBRAKO SOCKET SCREW CATALOG AND ENGINEERING srANDAEDs;‘
PAGE 48-49, STANDARD PRESSED STEEL CO., JENKINTOWN, PA.

BEARING: AREA = I/2x7/8 = 0.44 ¥ PER BOLT
ALLOWABLE BEARING STRESS = L85F = I.35x 3k = 48 KSl
LOAD PER. BCLT = 48x.44 = 21 KSI/BOLT
 TOTAL ALLOWABLE 'LOAD = ZIx3 =63 ksl 0K,
COMPRESSION ! Ldxdxth , AREA = 3.15 ¥ |
MAX. COMPEESSION LOAD PER ANGLE = 3.75x12 = 45 K
MIN, SHEAR PER Eoly = §7.7 K

AlLLoLwiARLE = S’L‘Ix(NO- (BOLTQ) No. BoLTs = 3
S F. S.Fh =3

ALLOWABLE = 57.7%> 45%
- BOLTS DEVELOPE FuLL

8-76 ) 't STRENGTH OF ANGLES .
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BY.ecaeennneeeDATE ...  sUBJECT. . NIRESS. . CALCLUOTI0485(@. .. SHEET NO.......... of.......

CHKD, BY..._. DATE. o ooeee e XRECTHARN . BB IH AYT LA . SOB NG,
........ ceonmsrannmmnmnnnnene  anLONDTLEQAMI o THU SERUICE LIAST e

. RADIANS RADiAnS
Ihirsae CoNDiTr0ars & Be/e | Bz 05 g , & =2 N

£ = 15,150 % (seE sker &67)

——
. /?7\’*/5 \5°\A~
fe

W =9259%

M=Jé,000 Fri—# (sEE SHeeT L75)

P = FSIN25°— J/sins® + E Synes° ‘
Pz 15/50x.423- 9259x 0.087 + 2500x%0.4£3 = ¢4 72#]

Cownsivsp Tho O78/06 /" Alares Take eNTE LoAD.
T=444% = xzxZ0’ = 1339 w*
A= 2x20 = 40 2
V = Fe s 25° + WCos 5° — £ Cos25°

V = /480 .86 +928%0.996 — 2500x0.90b = 20,78 ¥

CoMB/NED NoRMAL STRESSES

L L1 02e wHERE C=10"
77 : z
/N - %ZZ_-{- 561 333; 2 x/0 - 5192 o2 48579 Pl

SHEAR - STRESS )

LY. 20,678 _ ,
f A T 288 = 59 psd

8-77



L
|
72‘3

‘
B
£fw 5192 = .
pf,mm.; = 2650 Psi
-“J : AOEHe,, STHEESS
/7,80 N ,
/s/‘ /7,8t L - 517 s

fv(max) = 5300 PS¢

/)/:chuac) = S2300 s

/ﬁawwabze) for A-3, SrealL WITH 3. F oF &

_ 54,000 _ .
fatt, = =He— = /2,000 pst [2Y. 4

8-78
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SHEKT NO..........OF..._...

JOB NO

susscT. _JOINT_AMARY. SIS @D ...

BY.occncoaeDATE oo

CHKD.

JNITIAL _PXYMNAMIC __CONRITIONS .

BY. e DATR e

commmmnmee JRAML B ERNMICE . MARY ...

JonT _Loapn ANALYSIS or ARM Iurk InsT7AL DyNAMIC

*@D A M SINIOP 1w @30y
38 ANNO ™M Quol TWIXY 3IHL Jw3IHS 3HL QL
AIAWIWOD MYUS S| ONIAVYOT Wixy 3HL adNIS

ﬁ-WNHﬂﬂlbWUth F7s)

‘SANIQy TINYy SALULISTISIY  YPIHL Lv
NGRS TVLO/ UNFSINSTY HVIHS o SIMYY 3S3H/

INCL s D&D. -

CONDITIONS

.*Q%W =

X597
2/ *06p2

-z _ Y
*oummlg‘wmh\,

- - 5
+0058 = zo7 =N

I

-

*QVQM. = $Z09

- Z -
#0757 =g = A

- < - 2
_Q.WQ\ = Sorz = >
1y S
#2862 = L = |

(waes) A, 7 (Worsssrrwad) D ((NoISNgy ), L, 33Ty

HU”IN

[ BTg=3rs z3s) #+s OCbprz =4y
ANZIHOYLY  TYOIISAy al 30 WYY o ANOY) LYy UNTWCY)

Ny

4

)

%
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BYeeecmnae H
CHKD. BYaee o DATE e ccccre coccasmccemceeeemame——————————————— - ——— JOB NO. aaccvccmnvcvamcmenn,
....................................... TALL SERVICE MBS . e
A 2. ' 5d
1030% &y
o F— , .
¢% (< 737%¢)
2V . 2x299 _ oyt
TaEnt ovay ST

8-80

3.
27¢ (e)‘ 8u2*W)
//:33 #(C’)
4 1136*
/030 &) / j862% ()
/
/030%,
214 %)
I#*
18627 )
S av2¥r)

/133 #(C)

MOTE S 7HE JTHO AFENTEERS I-5
& R-b ML EE CEQUEED TO
TG SAPITT &EF7/CHFE SHEFR
DOL/N THE AR/, 77 A/id &
HSSUMEL TAHAT ELOKH IrTEL/TER
e CHCE)r Ay FPL AouNT
OF J&ELT7CHE SHAELL.

V = (Vg + {g(ﬂjxé;aop k- 2

= (7050 + 1,585x/735 Z

v=862 *

THE LORD DUE 7O THE HOOD /S
TALEN BV /REMBELS 3-%, $°6 &
THE/L COLRESPONDING HENBERS
ON 74 ORVS/7E S/OF.

/ 862 ‘#(VJ :

2960 #)

3z20%¢)

862 + C/.ﬂx??é’f) = (5357 )

TR

i

n

o W

L

®mN G smE W

ami

L

i

s

gt

n
]



e
[‘ b Gdida

EemcasasccsceccncssEmasmessana

L 4380ty

SX SN

o o - o = - - - - .

/0,

3090 * )

353% @)

/2.

o
350_0 (r) 890 #(T)

J

1998 + 1} =8155 () 470

JOB NO. e e ———

611557?)

1890-B= 7728"

Pa=G47 (SEE SUT &)
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g

Py

susJ ECT_C'g&IgK_Qf.-GEAYJ_N_--... -

SHEET NO...co o~ OF.cuea-.

[ - ) S DATE..cvcnnaa
CHKD, BY_.oo_ LYX T S— M-ﬁﬁ.ﬁﬁ-,}.-.ﬂ’_@_-5.6&!11(!{_/}@5[. LY Y- S —
CenTer__oF GRAYTY oF LAsE
/TEM | SIZE Volume 14 F _V,V vE
2 FRONT ANGLES | 2x3.75x83 622.5 |-78.7| 470 | /2,300 25, 000
4 Back ANGLES 443.75:884| /324.0 |28.0(4l0| 37/28 597,366
VERTIGAL STIFFENER
2 FRoNT Bx Yax8s2 | 94,0 |-17.0|41.0 -697 3934
4 SiE 4u/OxYyeB3| | 2490.0 |- 1.5 | 410 | -3735 102,090
z $IE 2e/Ontindod|  606.0 |26 |20.47| 18,756 ) 2,405
HoRi2, STIFFENERS
" dx Yax/? 57 -22 |/Z85 )| -/254 7/3
Ox)SSedx) | Fo2 -9 |/z285 | -5738 3 775
FEx 70 x/ 350 65\ /25| 2275 4375
Wx/ 79 33 | 125 3247 /1237
878 S22/ ‘20 39 9.0 4680 /080
2x/Ox/78x/ | 350 -18 |24.5|- 6300 8575
/8,75 x/ 7 L2/ |R4,5 |- 1578 . /838
2585y /0«! | 700 6.5 | 245 | 4550 /7,480
2ty 9/ /98 3z |24s| 4336 4752
2¢Ixlex) | 288 /6 |925|-1608 /%, &96
2x/0x38x/ | 760 s | 425 | 3800 32,300
2¢.5c /5%l | 195 [/5S [$5.25| -Fo022 /6,773
4x20x/ 8o | 15 |ss.28|- /2o 4420
8.8x 20x/ /70 -5 |&S.25|- 255 9393
2x % rdx! | 282 16,5 |55.25| 4/58 13,923
Ix/2x/Ox/ 480 o |80 19) 38,400
S75x3Ix/ 176.R5 7 73 /777 848¢
2¢8x/0x/ | 160. - o |80 o /2,800
. St SxZnl | /8.5 -5,5 | 79.5 |-/20/ 16,279
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sUBJECT. .C‘-E"HJIE&-.‘?/’.: _Q.@ﬁ‘!/.l'

BY e DATEcceee Y eeee  SHEET NO...ceoeooOF-.coon.
CHKD. BY.__. DATE...coeen  EE0 .6.55,--2:?1.‘:-§.€E£’!.€€.Mﬁ5.[.- JOB NO.ceeaacaccmccccmaacas
ﬁ: J7E M S/eE Vaturse | 7 | F 24 vE
MHorz, STIFFENERS
o (couir] Bx9.5x2x/ /%2 4 | 745|408 14,324
Tx/3x 2x/ /82 —/4.5| 745| -2639 /3,559
Ix/8 x / 72 /80| 75| - /1080 5364
Tep R 2x/2x30. 75| 738 -2 | 80|~ 1976 6l 259
/5x 22,5x/ 327.5 7 | £%.0 2360 27 &8/
Top Lues 2094 o |gs¢e o /185, 9?47
Botrom R 2475 2.5 |.375| 2353 728
SibE sim b | Ya TMex | 3237 165|255 | 155000 93, 700
Front Skmt B | Y8 Ther | 1678 -22.0 | 99,0 |- 35; 600 63,000
Back sow A " tor 917 31.0(372 | 28,4900 34,/00
MASTER AcCTUATOR Ui - 8700
TeTAL
WNEIsHr Base STRUCTUEE = 48? 7’;? L2 62 00#
X (STRycTURE) =%%%%—=a3"
B (sTRucues) = 897/67 = 4,
2{, 724

B

WEI/GHT inves , cremoers, £ er, = /300%
X &xs5" Assumens)

(AssuMED)
TOTAL WEIGHT ©F BASE = 6200 + /300 = 7500 #;

¥ - Z5x /300 t 4$200x 353 - g
7s00

94 x /300 + Iy 6200 "

Z- =
- > 500 92

8-83



P s et atbatd dadaiunbedead

CHd , ' ‘
175/ | ’1 ] F (DECK WAsH) = 110K

ERERE 107 FEF: MEMORANDUM TO
k MR, TRAVIS, LO-DE 22
. FROM CHIEF, PROPULSION
. AND MECHANICS BRANCH,
- M, PEVE-P. (ITEM 4)
. DATE : SEPT 1| 1943
- . PEOJECTED AREA OF HOOD
. N A= S5x33 = /008 M}
° : w
- “ \ = PxA= 1815ks0 = /645D
S [ FOR CG € WEIGHT OF -
N R s ARM (sEE erﬁ_é.é)
N > We 5 8%
e 2" CG. ARM d=212 coso® = 2a9”
— ‘»i C‘oNCENTEA'\'ED LOAD DueE
= I [5 278 I To HORIZONTAL PRESSURE
L : ~ W OF 4 Fs(,.
- N V \ ) ' )
| N VR : LOAD = 27¢x32x/= 8770
P " //.7’ \ S ZM}? - 0
— ot \\ N J@50xe ¢+ 92P= 45800 x20.9
] W7 BASE \ L ee— 2
L —» __]’/: 2 76% P \‘\\ _ ) *Laé?"?)(.?ZX/
] M BasE \ -
5 P = 320,000 + 334, 000 - 0%, 000
X ' N Ms - 92
3 174 e %Il ,

P = 8/00 *

AFACTIONS oN AIVOT ¢

ZFv @ Prorm = O
. £ = /8IS0 ¢ /S300 — SINZO°B/00 = 30, 680

ZFhy @ AvoT = o
Ky = /782.3 x32x/ + CO520°%« §/90 = 5840 + 7620 = /3,960

#

#

R: V@)’"*Oﬂ)" - V(30-é§>2+(/3-46)2 = 33} 600#.

8-84
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- weecase ——- e

. v o
Ovewervenine NMorrent M” anvo Veercar Loap
ABoUT THE CENTERLINE OF ERSE Lp7H LoD OF £,05¢
YCTIN G HORIZONTAL T TAU SERVICE A457T

ZMQ BAse =@
Mo = /S300X /1.9 + BIAOx /37— Sitw F50OO
Me = /82, 000 + 4200, 000 — 38,200
/‘46 = /393,800 m-# = /12,200 “T-#

JorAL VERTICAL LoaADp Aerine ©ON Base,

Fr= A5P00 » 2500 = 25800
TVTHL AHOEIFONTHE LoMp,
At = 8770 #* y
OveeTurniN MomeT /7" anvp Verr/car LoAD
Asour 7#E Cewrsfine oF Base Avrw Llodps o~
10 o5/ FELTICAL ANO L p3/ HoR1ZONTAL ACTING oON
TAIL SERVICE MAST s Lot Lot o oot s

Z'Mf&xsz =0

Mo = 157005 WP £ 877051575/ BOO ~ 18, /SOXAS 0,000 e 15
Me = /82000 +/ 209 000 —36,200 - 272,000 4+ / 760, 000
My=262,800 m-# = 234,000 F7-#
JO78¢ VerTicAl. LloAd AcTine os Lase
Fo= 15300 + 7500 + /g 150 = 40,950 %
TO7Z HOLZONTIL LOMD HOTING O BRSE

_ S »
f = //O/ o000

8-85



BY oo DATE oo sunsecr 8305 _ . QALCOLBTIONS _INDEP sHEET NO.......... OF.caeee.

CHKD. BY.— . DATE..ceen Ll Cor@ITIONS oo JOB NO. ceee oo
..................................... WAy 2T TR =1 2 4L =7/ Y S

—

IS Enl
2 h_.w_z/ﬁ,J

| i

FRESSURE DUE 7D
VERT/cAL (LAD

E;M '
W

-&‘ PRESSURE DUE TO
' MOMENT

8-86

OAry7~ ALEA /AVS/OE
OF DASHED LINES FOR
CALCLULATION RARROSES
BEARING AREA

Az=2e/2.0 72 |

A=/730 /2

Assuyme Verrr/cAl
LOADS TO KE dN/FoRMLY
LYSTR/IBUTED ON FASE

FRESSURES :

Q= 2282 = /3./8 psl.

I+ Wax2x/2x 52"

I= 746,000 /n*

N = 13493, 800 /u-#
M =2 83/ 800 1w
g = ;% - 7426:000

$= 20,700 IN?

é?= 43457800
ZQ,ZOO

0. 40,950 ,
-y -— .
3 —Tégzr-._.ZB 7 psi

=:?éf5’fk19:!, '
A —%9%6———67/5/

TR

= 635.25s0

|

Bl =0 |y S W

L

Wi

U

ity



a

_ BY.-.;------.--.-DATQ ........ suBJECT. Bﬁsﬁl-.ﬁ CACUSTWS. (C4T)  surEr Moo .. OF.......

CHKD. BY. ... AT e et et JOB NO....ceecccnavacnncn.

GASE /IATE CALCULATIONS  (conr)

A i LiFsRM LoaD

ACMI /04D\ [ BN pO U P e L3
o ol /0.7 psi |
B : t 1 b 1§ *‘“— 5 __" {
e
We * B2
STIEFENER) Zle 8 e gl ANGLE b=r2" )
, LAQ‘Z”%‘ = 0,75
<+
‘S(Mrum_)‘ <_Z‘§
MOMEW = w;’;é ' QACT) = S /2 /4'/3
2 .
= 0.7, . Lo
= Lo, /ngx/z= 70, F00 //-w
S (Regurecn) = 241,1 A-36 STEEL

')(‘ (auownag\g) =

70,300

56(’6'0'0)2 /Z;OOO __.._0.% /4/3

SCree D) < S (er) L oK

8-87
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-----------------------------

Sov  FaTe

Assume SP . ASTH A-34 STELL
f (ALLOWABLE) /2 451

= bT*
S <z __-—_.__./*32 8 - 0234

Jos/’

.l
/‘77 = =

7D(AewAL)

BOT70/7 SkIN R & FEONT »

720 | 20

/xZO - "
- SZ)
:_ﬁg | = / ' '
o284 2190 st oK

AQQUNIE /0% FOCE po/&E 7D ﬂé"C'A’ AIABH /8 D/8TH/IBLTEL

HS SKHOUN BEECOL/,

—t 75" P BorToM
) 0/-'@51\55

(NOMENT) ™M
M o=

n

//6,000 = FPx82 x WIDTH oF BRASE
p= (10,000
32Zx 0
MAX OPENING BETWEEN STIFFENERS (N THIS
AREA IS 18" SPAN, USE MOMENT
COEFFICIENT OF .033 FROM TABLE 3,
SECTION 709, ACI BUILDING CODE (ACI 318-50)

C=.033 (MOHENT COEFF|CIENT)
Cx Px(B PAN)

2
L0338 x 57.3x18 = b3 ¥

= S723 psi

S (REQD) = - LI3 _ 052 i

5(3/4” /é) =

8-88

& iz000

bd"

LoD = 079¢ w” WOk

1A

i

i

EE m m 0 W W min Wi E X

Wi

g |

Wi

o R

| Il



BY oo DATE. oo SUBJECT__é&gé{{%_égéﬁ/_’y_@“g-- SHEET NO....._... OF.o...
CHKD. BY.____. DATE..occoce o WASHER. For wver, TAk. .. Jos NoO

------------------------------------------------------------------------------------------------------

£LIVOT (MAXIMLUM VALUES)

Torar Reacrion @ Pivor = 336" (see sur. )

Reacrion @ Excy P = 25 = /. 8%

Busning: Lse Lusrite Bromnze | Aoy 423 - SecF
LuBRICATING, BY LUBRITE Division, MERRIMAN
Bros., Inc., Bosyon 3o, Miss.
DEsIGN KEFEREMNCE | |
LusriTe Manuac No, 567
A5 AMAX, LOADING- OCCURS IN A STATIC
CONDITION , CLASS g= SERVICE WILL
BE CONSERVATIVELY TAKEN AS INTERMITTEN],
TYPE OF DuTY AS HEAVY. /S GIVES A

2 MAX, AtcowABLE BEARING FPEESSUEE &F
7000 pst,
| BEARING AREA = 4x2 = 8 sq. IN,
THEUST , p
WASHER  Actuac Bearing Pressure = -%-5 = 2, /Ksi
< IK
PIN (11T I D
pr7” MIN. r#/C/(NESS — NS//DZ /A, -+ //8
4.00 DIA. _
N ( ReCommenn o)
Use Fugness = 7= +4 = 34 jveu
BusmNé ' FFor JHmUST UASHER ) LIsE Ya invcu THICK

BY (O INCH CUTSIDE IDIAMETER.,
PiN:  AREA PIN=TTD® = 2/4x4:12.55 IN°
4

\e, 800

EA TRE = . = ' :
SHEAR. STRESS 51255 G670 PSI, oK.

8-89
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o mrereL AT
F3 = 512+42 =932 (Max)
Pg 2 226142 =é4‘é(l‘1l~) ?:
| Q«t Py = 226-42 = /7.4 (Max)
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) — L .S/U /0°
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ReFERENCE |
MepmorAnDUM  TO MR, TRAUIS,
Lo-DE T2 FrRom CHIES,
opt Sion AND MECHANICS
BRANCH ;, M=~P§VE -2, DATER
sepr. ), 1943; /Tem 4.

P’
t 1.5 E

Assume Sack €nn
/1S FIXER OVE T
STITCHING EFFELT o
Bocrs. '

= 2] psta -/4 Jpsia
fg:é./)a/asc 4

N N\ - prl*_ ¢ 3,5[5—-\'
- ” \ 90"‘60&‘@ M=z T T =675
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. 0 - .
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Swean) = ¥
KeFerernce ¢ Specs. FoR
eTECL RAMLROAD BRIDGES g = ,-Cé”i-»-«a'f = 0.0058
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2,;5-0 TENS/ON/@L/F- 330 - /32 LBS.

f& = ALLOWABLE TENS/ON STRESS
MIN. Tension) STRENGTH = /20 XS/
Use SAFeTY FacrorR =3

fe =22 = 40Ks/

NeT Aeen oF M INCA DIA.BoT =027
7Cf = ACTUAL TENSION STRESS
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' oK
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_ 22 —
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M= C wi” oHERE ! Pressure
L = Sropr SPAN

n

i
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S (Y R) = f,ﬁg = 006 N Gool
THECEFORE | By R MUST BE BOTED JO JHE
STRANME DA &0/%44. TO RESIST MOMEN [ CAuSED
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75"5/'0/) 2

»”
”7' = /3oec® »0285x /0O = 3250
’ .

éé%aﬂ&ﬁi? #

M, = 13 e00 ¢ 378 = 457

éaoJ Or WC/J

#
Torsever - _/, r F250yx/5 o Z30 /
24 2

4 //
- A /-3/000 = /780 ”
Shewr = F = f2.00% 3
g4z

8-102

Coef, of fricton=01S

it

i

n
]

:

S0

&

FILE @my

e el eOeE s empE o el oumlE eEDR

[



DATE J)sz“ﬁ. susvect:.. T/ SELVILE AINST.
LIETIN G L5

| — 7%
£
|’ &,
/s Xy .
7 f = /380
L
# 4
Sy = 720077 A
7 (Lt ¢
Size of Weld 7200 _ o.0d’
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J75M06953
J75M06957
J75M06955
J75M06667
D75M09850
J75M07419
J75M07341
J75M07707
B75M10312
C75M07949
D75M10076
C75M07422
B75M11794
J75M07354
C75M09254
D75M10077
B75M10099
D75M07950
J75M07948
D75M10078
J75M07420
D75M07952
C75M11793
C75M10050
B75M10098
C75M07421
C75M10079
J75M07424
D75M07951
B75M12101
B75M07404
J75M12102
J75M06666
J75M07521
C75M07423
D75M11792

Assembly,
Assembly,
Assembly,
Assembly,

TAIL SERVICE MAST DRAWING LIST

TSM, 1-2
TSM, 3-2
TSM, 3-4
Base, TSM

Angle, Assy, TSM
Arm, Assembly, TSM‘
Ball Lock, TSM

Basic Mast Assembly, TSM
Bearing, Guide Assy, TSM

Bolt, Receptacle, TSM

TM-23-0-D

SECTION X

Bracket, Limit Switch, TSM
Bushing, Pivot, TSM

Check Valve, Purge TSM
Cover, Master Unit, TSM

Dyna-Therm, Applicatibn Spec, TSM
Guide Assy, Protective Cover, TSM
Guide, Protective Cover, TSM

Housing, Ball-Lock, TSM

Installation, Ball-Lock, TSM
Lock, Protective Cover, TSM
Lug, Machining, TSM
Plate, Cover, TSM
Plate, Keyhole, TSM

Plate, Mounting, TSM
Pin, Guide Assy, TSM

Pin, Pivot, TSM
Pin, Protective Cover, TSM
Protective Cover, Assembly, TSM
Receptacle, Ball-Lock, TSM

Shim, Valve Support, TSM

Spring Extension Modification, TSM

Support, Lox Valve, TSM

Structural Assembly, Arm, TSM

Tail Section, Arm Assembly, Details, TSM

Thrust Washer, Pivot, TSM
Wire Rope, Tie Down, TSM

Sec,
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10-2 HOOD DWGS.
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75M07628
75M09154
75M10041
75M10042
75M07341
75M07359
75M07 686
75M07356
75M10044
75M07954
75M10049
75M10046
75M07428
75M07680

 75M07687

75M07683
75M07517
75M07632
75M07346
75M10043
75M07350
75M09723
75M09724
75M07685
£75M07340
.75M07339
75M07817
75M07344
75M07957
75M09043
75M07355
75M07351
75M10045
75M10047
75M07352
75M07358
75M07681
75M07430
75M07817
75M07626
75M07622
75M09155
75M09156
75M09157

Accumulator, Hydraulic 58 Cum.,, TSM
Angle, Slave Unit, TSM

Angle Bracket, TSM

Angle Support, TSM

Ball Lock, TSM

Boss, Hood To Slave Unit, TSM
Bushing, Slave Unit, TSM

Bushing, Master Unit, TSM

Bracket Support, TSM

Bracket, TSM

Bracket, TSM

Bracket, TSM

Bracket, Quick Disconnect, TSM
Cap, Protective, Slave Unit, TSM
“Cam, Hyd, Installation, TSM

Clamp, 1/2 Tubing, TSM

Coupling Assy., Quick Disconnect, TSM
Gauge-Pressure 0-200 PSI

Gear, Slave Unit, TSM

Grommet Modification, TSM

Hood Assy, Lower Half, TSM

Hood Assy, Molded Lower Half, TSM
Hood Assy, Molded Upper Half, TSM
Hood Assy, Upper Half, TSM

Hood Mech., Hydraulic Installation, TSM
Hood Unit Installation & Assy, TSM
Housing, Hood Locking Mech., TSM
Hose Assy, TSM )
Hydraulic Schematic, Hood, TSﬁ
Key, Master Unit, TSM '
Lever, Torque Transfer, Master Actuator, TSM
Master Unit Installatian, TSM

Pad, Accumulator, TSM ~

Pad, Accumulator, TSM

Pin and Bushing Assy, TSM

Pin, Master Unit, TSM

Plug, Hood Detachment, TSM
Pneumatic Installation, TSM
Receiver, Hood Locking Mech., TSM
Rotary Act., Slave, TSM

Rotary Actuator, Master, TSM

Seal, Hood, TSM

Seal, Hood, TSM

Seal, Hood, TSM

11
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10-2 HOOD DWGS. (Continued)

75M07357
75M10091
75M09042
75M10048
75M09044
75M07427
75M07353
75M09041
75M07429
75M07958
75M07955
75M07956
75M07347
75M07876
75M07953
75M10205
75M07627
75M10206
75M07624
75M07625
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Shaft, Slave Unit, TSM

Shim, Ball Lock, TSM

Spacer, Slave Unit, TSM

Strap, Accumulator, TSM
Support Assy, Slave Unit, TSM
Support, Bracket, TSM o
Support, Master Actuator, TSM
Support, Slave Unit, TSM
Support, Quick Disconnect, TSM
Tee, Reducer, TSM

Tee, TSM

Tee, TSM

Thrust Washer, Slave Unit, TSM
Tubing Assy, Hyd. Installation, TSM
Union, Flare Tube, TSM

Valve - 1/2 Check, TSM

Valve-1/2", Flow Control with Check, TSM

Valve - 1/2 Hyd. Pressure Relief, TSM
Valvé - 1/4 inch, Hyd. Check, TSM
Valve, 4-way, 3 position, CAM, TSM

10-3 UMBILICAL WINCH

75M11248
75M11238
75M11241
75M11247
75M11246
75M11244
75M11243
75M11240
75M11415
75M11239
75M11245
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Air Control Valve, TSM

Assembly, Winch Structure, TSM

Hose Assembly, TSM

Pneumatic Cylinder, TSM

Rod Eye, Winch Structure, TSM
Sheave, Bushing, Winch Structure, TSM
Sheave Guard, Winch Structure, TSM
Sheave, Winch Structure, TSM

Thrust Washer, Winch Structure, TSM
Winch Structure, TSM

Wire Rope Assy, Winch Structure, TSM

Sec,
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10-4 SERVICE LINES
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75M11930
75M11927

75M086 58
75M09409
75M08655
75M07371
75408659
75M07384
75M07374
75M09405
75M07523
75M09414
75M09415
75M07379
75M08648
75M07373
75M09410
75M08653
75M08656
75M09532
75M10226
75M07381
75M09407
75M09531
75M07516
75M07372
75M07360
75M07947
75M09679
75M09413
75M08652
75M07376
75M11929
75M07363
75M07362
75M07365
75M08661
75M07364
75MO08660
75M06803
75M06652

TM-23-0-D

Adapter, 1" Nozzle, TSM
Angle Support Assembly, TSM #1-2
Angle Support, TSM #1-2
Assy, Interface Plate, TSM #1-2

Assembly, Interface Plate, TSM #352
Base Alignment Guide, TSM 3-4 & 1-2

Bracket, Assembly, Lines Support, TSM #1-2
Bracket, Assy, 2" Lines, TSM #1-2
Casting, Cable Clamp Collar TSM

Clamp Assembly, 10" Line, TSM #3-2
Clamp, Casting & Machining TSM 3-4 & 1-2
Clamp, 2" Pipe, TSM #1-2

Clamp, 2 1/2" Pipe, TSM #1-2
Collar, Cable Clamp, TSM #1-2
Cable Clamp, TSM #3-2
Cable Clamp TSM 3-4

Collar,
Collar,
Detail,
Detail,

Interface Plate,
Interface Plate,

Duct Assembly, 10" Line,

Flange, 2" Line, TSM #1-2
6" Line, TSM

Flange,

TSM #1-2
TSM #3-2
TSM #3-2

Flex Hose Assy, LOX TSM 3-4

Flex Hose Assembly, 6" RP-1, TSM #1-2
Gasket, 2" Line, TSM #1-2

Gasket, TSM 3-4 & 1-2
Guide 6'" Line TSM 3-4 & 1-2

Guide, Pipe Alignment, TSM 1-2 & 3-4
Hose Assembly, Metal Flexible, TSM #1-2

Hose Assy, Flexible, TSM #1-2
Hose Assembly, TSM #1-2
Hose Assembly, TSM #3-2
Hose Assembly, TSM 3-4
Hose Assy, Purge TSM

Interface Plate, Assembly TSM 3-4
Interface Plate, Detail, TSM 3-4

Plate, Front Bulkhead, TSM 3-4 & 1-2

Plate, Rear Bulkhead, TSM, #l-2

Plate, Support, 6" Line TSM 3-4 & 1-2
Plate, Tee, Front Bulkhead, TSM #1-2
Service Lines Installation TSM #1-2
Service Lines Installation, TSM 3-4
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TM-23-0-D Sec. X

10-4 SERVICE LINES (Continued)
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75M06804
75M09533
75M08649
75M08657
75M07366
75M086 50
75M07367
75M07368
75M07369
75M07370
75M07382
75M09406
75M11928
75M09412
75M07375
75M08651
75M09408
75M07377
75M08404
75M07656
75M07656
75M09610

Service Lines Installation, TSM #3-2
Split Ring, TSM #1-2

Support #1, TSM #3-2

Support, 10" Line, TSM #3-2

Support No. 1 TSM 3-4

Support #2, TSM #3-2

Support No. 2 TSM 3-4

Support No. 3 TSM 3-4

Support No. 4 TSM 3-4

Support No. 5 TSM 3-4

Tube Assy, Lox TSM 3-4

Tube Assembly, 6" RP-1, TSM #1-2
Tubing Assy Purge, TSM

Tubing Assembly, TSM #1-2

Tubing Assembly, TSM 3-4

Tubing Assembly, TSM #3-2

Union, Bulkhead, Special, TSM #l1-2
Union Bulkhead, Special TSM 3-4
Union, Bulkhead Special, TSM #3-2
Valve Ball Shut-off, 6" Line, Lox Service, Norm.Open, TSM #3-4
Valve, Ball Shut-off, 6" Line, RP-1 Service Norm. Open TSM #1-2
Valve, 3/8" Check, TSM #1-2

10-5 HANDLING EQUIPMENT
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75M06682
75M10463
75M06672
75M10401
75M10362
75M12050
75M10361
75M10360
75M10466

Beam, Lifting TSM

Handling Equipment Kit and Installation Procedure, TSM
Handling Frame Assy., TSM

Key-Hold Plate, TSM

Spacer, Scr. Pin Shackle, TSM

Two-Leg Wire Rope Sling Assy, TSM

Wire Rope Assy, TSM

Wire Rope Bridle Sling Assy TSM

Wire Rope Sling Assy, TSM
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10-6 HYDRAULICS

75M07653
75M07640
75M09261
75M07515
75M09259
75M07405
75M07 406
75M07410
75M07415
75M07417
75M07519
75M07520
75M07672
75M07740
75M07670
75M09258
75M07652
75M07518
75M09817
75M07674
75M07396
75M07639
75M07615
75M07669
75M09819
75M07636
75M07620
75M07737

Accumulator, 1155 Cu. in., Hydraulic, TSM
Accumulator, 1304 Cu. In., Pneumatic, TSM
Adapter Assy., 1 1/2" Coupling, TSM

Cam Valve, TSM

Coupling, TSM®

Bracket,
Bracket,
Bracket,
Bracket,
Bracket,
Bracket,
Bracket,
Bracket,
Bracket,

Valve,
Valve,
Valve,
Valve,
Valve,
Valve,
Valve,

TSM
TSM
TSM
TSM
TSM
TSM
TSM

Bracket Valve, TSM
Bracket Valve, TSM

Cam, TSM

Cam Support, TSM
Check, 1/4", Pneumatic, TSM
Clamp, TSM

Clevis, Bracket, TSM

Connector, TSM
Connector 1 1/2'", Bulkhead, TSM
Cylinder, Hydraulic, TSM
Cylinder Assy, Hydraulic, TSM
Elbow 45° BLK, TSM

Eye Bracket, TSM

TM-23-0-D

Filter, 3/8", Bydraulic, TSM
Filter, 1/4", Pneumatic, TSM
Flexable Hose Assy, Base TSM

Sec. X
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75M07634 Gauge, Pressure 0-5000 PSI, TSM

75M07139 Hyd. & Pneu Installation, Base, TSM
75M06631 Hyd-Pneu Tubing Assy, Base, TSM . .
75M)7676 Hydraulic - Pneumatic Schematic Base, TSM
75M09260 Name Plate, Schematic, TSM

75M07648 Orifice, Hydraulic, TSM

75M07418 Panel Valve, TSM~

(R R
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75M09818
75M07629
75M07647
75M07650
75M11879
75M07616

10-6

Pin, Cylinder, TSM

Reducer, 1/4", Hydraulic Pressure, TSM

Regulator, Pressure Reducing, TSM

Regilator, Pressure Reducing 0-3100, TSM
Return Check Valve, TSM

Rod Eye,

TSM
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TM-23-0-D Sec. X

10-6 HYDRAULICS (Continued)
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75M07514
75M07671
75M07403
75M07 407
75M07408
75M07409
75M07416
75M07673
75M07705
75M07414
75M07412
75M07638
75M07397

75M07398

75M07399
75M07 400
75M07401
75M07402
75M07411
75M07413
75M07717

75M07718

75M07742
75M07703
75M07649

75M07741

75M07655
75M07654
75M07651
75M07646
75M07645
75M07644

75M07643
75M07642

75M07641

75M07637
75M07633
75M07631
75M07630
75M07621

Shim Cam Valve, TSM
Spacer, TSM

Support, Clip, TSM
Support Clip, TSM
Support, Clip, TSM
Support, Clip, TSM
Support, Clip, TSM
Support Clip, TSM
Support Clip, TSM
Support, Clip, TSM
Support, Grommet, TSM
Switch, Pressure, TSM
Tee 1/4", TSM

Tee 1/4" Bulkhead, TSM

Tee,
Tee,
Tee,
Tee,

Reducer,
Reducer,
Reducer,
Reducer,

TSM
TSM
TSM
TSM

Tee,
Tee,

3/4 Bulkhead, TSM
3/4 Bulkhead, TSM

Tee 3/8" TSM
Tee Reducer, TSM
Tee Reducer, TSM

Tee,

1/2" TSM

Transducer, TSM
Union Bulkhead, TSM

Valve,
Valve,
Valve,
Valve,
Valve,
Valve,

Ball Shut-off, 3/8" Solenoid Opr., Norm. Closed, TSM
3/8" Check, TSM

1/4" Solenoid Opr., Norm. Closed, TSM

Ball-Shut off, 1 1/2", CAM Opr., Norm. Open, TSM

Ball Shut-off, 1 1/2", Pneu. Opr., Norm. Open, TSM
Ball Shut-off, 1 1/2" Solenoid Pilot, Pneu. Opr., Norm.

Closed, TSM

Valve,
Valve,

1 1/2", Pneumatic Opr. Norm. Closed, TSM
3/8", 4 way, 2 position, Sol. Pilot, Pneu.

Ball Shut-off,
Ball Shut-off,

Opr., Norm., Closed, TSM

Valve,

Ball Shut-off, 1 1/4", Solenoid Pilot, Opr. Norm.

Closed, TSM

Valve,
Valve,
Valve,
Valve,
Valve,

1/4", Solenoid Opr., Norm. Open, TSM

1/4", 3 way, 2 position Solenoid Opr., Norm. Open, TSM
1/4", Hydraulic Bleed, TSM

1/4", Manual Opr., TSM

1/4" Flow Restrictor, Manually Adjustable, TSM
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10.7 ELECTRICAL

A
A
D
C
D
D
D
F
F
F
J
J
J
F
F
D
D
D
A
A
B
E
A,

75M08644
75M08071
75M07525
75M07524
75M09060

75M09061
75M09062

75M08316
75M08315
75M07735
75M07528
75M07527

75M07529

75M07660
75M07659
75M07701
75M07702
75M07700
75M11567
75M07667
75M09464
75M07658
75M07668

10-8

Acceptance Checkout Procedure, TSM
Acceptance Checkout Procedure, TSM
Advanced Schematic, TSM

Bracket, Connector Mounting, TSM
Cable Assy, TSM 1-2

Cable Assy, TSM 3-2

Cable Assy, TSM 3-4

Electrical Distributor, TSM 1-2
Electrical Distributor, TSM 3.2
Electrical Distributor, TSM 3-4
Electrical Installation, TSM 1-2
Electrical Installation, TSM 3-2
Electrical Installation, TSM 3.4
Face Panel, Si{lk Screening, TSM
Face Panel, Universal Test Set, TSM
Interconnection Diagram, TSM 1-2
Interconnection Diagram, TSM 3-2
Interconnection Diagram, TSM 3-4
Operational Checkout, TSM

Patching List, Test Set 7601 TSM
Spacer, Retract Reel, TSM

Test Set, TSM

Wire Running List, Distributor, TSM
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